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I .  INTRODUCTION
À. G e n e ra l I n t r o d u c t io n
P o p u la tio n s  occupy ing  zones o f  ta x o n  c o n ta c t  o r  o v e r la p ,  
u n u s u a l ly  v a r i a b le  p o p u la t io n s ,  and  p o p u la t io n s  whose in d iv id u a ls  
c an n o t b e  r e a d i ly  a s s ig n e d  to  re c o g n iz e d  ta x a  a t t r a c t  th e  a t t e n t i o n  o f  
th e  tax o n o m is t and  e v o l u t i o n i s t .  The sp ru c e  o f  th e  N o rth e rn  Rocky 
M ountains e x h ib i t  a l l  th e s e  q u a l i t i e s .  Range maps s u g g e s t t h a t  th e  
ta x a  commonly c a l l e d  P ic e a  g la u c a  Moench, P^ pungens E ngelm ., and P . 
en g elm an n ii P a rry  may o v e r la p  i n  M ontana, Many have  re c o g n iz e d  th e  
h ig h  d e g re e  o f  v a r i a b i l i t y  w i th in  and betw een th e  p o p u la t io n s  o f  t h i s  
a re a  ( e . g .  H orton  195^» Garmin 1957, Habeck p e r s o n a l  com m un ica tion ). 
Some have re c o g n iz e d  new ta x a  when th e  in d iv id u a l s  th e y  o b se rv ed  
d i f f e r e d  from  th o s e  p r e v io u s ly  d e s c r ib e d .  S , Brown (1 9 0 ?) named a 
s e r i e s  o f  p o p u la t io n s  he o b se rv ed  i n  A lb e r ta  Pg_ a l b e r t i a n a ; % rdberg 
( 1900) and  Jo n es ( I 9 IO) re c o g n iz e d  P^. Colum bians Lemmon i n  M ontana; 
and Jo n e s  n o ted  a p p a r e n t ly  c o n s i s t e n t  d i f f e r e n c e s  betw een  th e  c o l ­
l e c t i o n s  he made w e s t o f  th e  R ock ies and th o s e  Rydberg made i n  th e  
Y e llo w sto n e  N a tio n a l P ark  a r e a .  T ay lo r* s  (1959) s t u d i e s ,  on th e  o th e r  
hand , conv inced  him  t h a t  th e s e  p o p u la t io n s  (e x c lu d in g  P . p u ngens) c o u ld  
a l l  b e  r e f e r r e d  to  one  s p e c ie s ,  Pg_ g la u c a . T h is  c o n fu s io n  su g g e s te d  
to  me t h a t  a  c lo s e r  s tu d y  o f  th e  v a r i a b i l i t y  w i th in  th e  complex 
sh o u ld  be  made b o th  a s  a  b a s i s  f o r  a  s o lu t io n  to  th e  taxonom ic p rob lem s 
and  a s  a  b a s i s  f o r  f u r t h e r  s tu d ie s  d e s ig n e d  to  d is c o v e r  th e  o r i g in  
o f  t h i s  v a r i a t i o n  and m ethods o f  t r e a t i n g  i t  i n  f o r e s t  m anagem ent.
I n  th e  fo llo w in g  p a g es  I  w i l l  re v ie w , f i r s t ,  some o f  th e
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in fo rm a tio n  a v a i la b l e  on th e  genus P ic e a  A. D i e t r . : i t s  q u a l i t i e s ,
i t s  h i s t o r y ,  and W righ t* s (1955) g ro u p in g  o f  i t s  s p e c ie s .  I  w i l l  th e n  
rev ie w  i n  more d e t a i l  th e  h i s t o r y  o f  one o f  th e s e  g ro u p s , t h a t  w hich 
in c lu d e s  th e  s p e c ie s  I  have  s tu d ie d .  A f te r  g iv in g  th e  r e a d e r  t h i s  
in t r o d u c t io n ,  I  w i l l  p r e s e n t  my s tu d y  o f  th e  v a r i a t i o n  i n  th e  sp ru c e  
o f  th e  N o rth e rn  R o ck ie s .
The s tu d y  i s  c o n v e n tio n a l  i n  t h a t  i t  i s  a  s tu d y  o f  v a r i a t i o n  
b ased  on a g roup  o f  c h a r a c te r s  w hich seem to  show l i t t l e  e n v iro n m en ta l 
m o d if ic a t io n .  O f th e s e ,  th e  f i v e  depended upon m ost h e a v i ly  w ere 
c h a r a c te r s  o f  th e  cone. Two tw ig  c h a r a c t e r s ,  a n o th e r  cone c h a r a c t e r ,  
and th e  te rp e n e  c o n te n t  o f  th e  b a lsam s p ro v id e d  su p p lem en ta ry  d a ta .
One u n iq u e  q u a l i t y  o f  th e  s tu d y  i s  th e  a p p l i c a t io n  o f  th e  
o r d in a t io n  te c h n iq u e  (B ray  and  C u r t i s  1957) to  a  taxonom ic p ro b lem .
Some e c o lo g is t s  have u se d  t h i s  te c h n iq u e , w ith  rem ark ab le  s u c c e s s ,  to  
o r d e r  and  d e s c r ib e  th e  r e l a t i o n s h i p  betw een  com m unities on th e  b a s i s  
o f  q u a n t i t a t iv e  m easurem ents o f  e ac h . The g e n e ra l  m ethod seems w e ll  
s u i t e d  a ls o  to  th e  an a lo g o u s p rob lem  o f  o rd e r in g  and  d e s c r ib in g  th e  
r e l a t i o n s h i p  betw een th e  l o c a l  p o p u la t io n s  o f  a  com plex i f  one h as 
a v a i l a b l e  a  s e r i e s  o f  q u a n t i t a t i v e  m easurem ents ( e . g .  o f  taxonom ic 
c h a r a c te r s )  i n  te rm s o f  w hich th o s e  p o p u la t io n s  can  be c h a r a c te r i z e d .
B. I n t r o d u c t io n  to  th e  Genus
P ic e a  i s  a  lo n g  re c o g n iz e d  and c l e a r l y  d e f in e d  g e n u s . Even 
th e  m ost d i s t a n t l y  r e l a t e d  sp ru c e  s p e c ie s  a r e  much more s im i l a r  to  each 
o th e r  th a n  a ry  one o f  them i s  to  a  s p e c ie s  o f  a n o th e r  genus (W rig h t 1955 ).
The d i s t i n c t n e s s  o f  th e  genus may be e x p la in e d  by  a  g la n c e  
a t  i t s  h i s t o r y .  The C o rd a it a l e s  (D evon ian  to  Perm ian) p ro b a b ly  gave
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r i s e  to  th e  G in k g o a les  and P in a le s -T a x a le s  g roup  i n  th e  P e n n sy lv a n ia n . 
The m odem  f a m i l ie s  o f  th e  P in a le s -T a x a le s  group (C u p re s sa c e a e , 
T ax o id aceae , A ra u ca ria ce a e*  P in a c e a e , C e p h a lo ta x a c e a e , T axaceae , 
and P odooarpaceae) w ere g r a d u a l ly  d i f f e r e n t i a t e d  i n  M esozoic tim e  
(Benson 1957)* A ccord ing  to  Benson (1957) th e  e x ta n t  g e n e ra  o f  gymno- 
sperm s a r e  few; th e y  a r e  e v id e n t ly  r e l i c s  o f  a  much l a r g e r  g roup  o f  
p l a n t s  dom inant lo n g  ag o . H is s ta te m e n t  i s  su p p o r te d  a n o th e r  by 
Buchholz (1948) t h a t  th e r e  a r e  num erous e x t i n c t  g e n e ra  i n  th e  P in a c e a e ; 
some o f  th e s e  u n d o u b ted ly  form ed c h a r a c t e r  b r id g e s  betw een P ic e a  and 
o th e r  modern g e n e ra  ( e . g .  th e  c lo s e ly  r e l a t e d  T su g a ).
The genus P ic e a  may b e  d e f in e d  by l i s t i n g  a  g roup  o f  c h a r a c te r s  
( p r o p e r t i e s  o r  f e a tu r e s  w hich v a ry  from  one k in d  o f  o rgan ism  to  
a n o th e r )  p o sse s se d  by i t s  members. The s e le c te d  c h a r a c te r s  l i s t e d  
below  a r e  commonly a c c e p te d  a s  such  a  d e f i n i t i o n  ( e . g .  Benson 1957, 
C ro n q u is t  I 9 6 I ,  P re s to n  19 4 0 ). I t  w i l l  b e  n o te d  t h a t  th e y  may be u se d  
to  l i m i t  th e  s p e c ie s  in c lu d e d  to  p r o g r e s s iv e ly  s m a l le r  g ro u p s o f  more 
c lo s e ly  r e l a t e d  s p e c ie s :  kingdom P la n ta e ,  subkingdom  Em bryophyta,
v a s c u la r  p l a n t s , seed  p l a n t s ,  d i v i s io n  C o n ife ro p h y ta , c l a s s  C o n ife ra e , 
o r d e r  C o n ife ra le s  ( = P in a le s ) ,  f a m ily  P in a c e a e  (= A b ie ta c e a e ) , and 
genus P ic e a .
S p ruces a r e  e v e rg re e n  t r e e s  w ith  s h a rp ly  p o in te d  c o n ic a l  crow ns, 
s t r a i g h t  ta p e r in g  t r u n k s ,  b ra n c h e s  i n  w h o rls  and  sh a llo w  d i f f u s e  r o o t  
sy s te m s . T h e ir  l e a v e s  a r e  n e e d l e - l i k e ,  s t i f f ,  s e s s i l e ,  s i n g l e ,  and 
d e c id u o u s  a f t e r  sev en  to  t e n  y e a r s .  T hese a r e  b o rn e  on  s te r ig m a ta ,  
p e g - l i k e  p r o j e c t io n s  a r ra n g e d  i n  s p i r a l s  a b o u t th e  tw ig s .  L e a f  gaps 
a r e  w e l l  d e v e lo p e d . The wood c o n s i s t s  o f  xylem  and phloem . I n  i t
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v e s s e l s  a r e  la c k in g ,  sm a ll s c a t t e r e d  r e s i n  c a n a ls  a r e  p r e s e n t ,  th e  
p i t h  i s  s m a ll ,  and seco n d a ry  th ic k e n in g  i s  w e l l  d e v e lo p e d . The b a rk  
i s  t h in  and s c a ly  i n  m ost s p e c ie s .
The m ale cones ( o r  s t r o b i l i )  a r e  a x i l l a r y .  Each c o n s i s t s  o f  
many s p i r a l l y  a r ra n g e d  p r im a ry  s c a l e s  b o rn e  on a  s h o r t  a x is  
Two m icro  sp o ra n g ia  o c c u r  on th e  u n d e r  s id e  o f  each  s c a l e .  The p o l le n  
g r a in s  p roduced  a r e  w inged s i m i l a r  to  th o s e  o f  F in n s ,  Each m easures 
68-85 m ic ra  i n  d ia m e te r  w ith o u t th e  w ings and y i e l d s  two n o n f la g e l la te d  
sperm .
The fem ale  cones a r e  l a r g e r ,  woody, and  b o rn e  n e a r  th e  t r e e  
to p .  They m atu re  i n  one se a s o n . The fem ale  cones a l s o  c o n s i s t  o f  an  
a x is  and  a  s p i r a l  o f  s c a l e s .  U n lik e  th e  s c a le s  o f  th e  m ale co n e , th e s e  
a r e  compound: th e  o v u le s  a r e  bo rne  naked  ( n o t  e n c lo se d  i n  an  o v a ry )
on to p  o f  l a r g e ,  t h i n ,  o v u l i fe ro n s  s c a le s  w hich a r e  a x i l l a r y  to  th e  
b r a c t s ,  th e  p r im a ry  appendages o f  th e  cone a x i s .
The sp o ra n g ia  o f  b o th  th e  m ale and fem ale  a r e  m u l t i c e l l u l a r  w ith  
a s t e r i l e  t a p e t a l  j a c k e t .  The gam etang ia  o f  b o th  th e  m ale and fem ale  
a r e  red u ced ; o f  th e  an th e r id iu m  n o th in g  re m a in s ; th e  archegonium  la c k s  
neck  c a n a l  c e l l s .
The sp o ro p h y te  i s  p h y s io lo g ic a l ly  in d e p e n d e n t o f  th e  gam etophy te . 
The fem ale  gam etophyte i s  n e v e r  p h y s io lo g ic a l ly  in d e p e n d e n t o f  th e  
sp o ro p h y te ; b o th  th e  fem ale  gam etophy te  and th e  young sp o ro p h y te  a r e  
r e t a in e d  i n  th e  o ld  sp o ro p h y te  a s  p a r t  o f  th e  s e e d . Two se e d s  a r e  
p ro d u ced  on each  s c a l e .  T hese a r e  sm a ll  and  w inged . Food r e s e rv e s  a r e  
s to r e d  p r im a r i ly  i n  th e  body o f  th e  fem a le  gam etophy te ; t h e r e  i s  no 
t r i p l e  f u s io n  s to r a g e  t i s s u e  l i k e  t h a t  o f  th e  a n g io sp e rm s.
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L i ( I 953 ) sum m arizes th e  d i s t r i b u t i o n  o f  c o n i f e r a l e s  and  t a x a le s  
i n  two g e n e ra l  s ta te m e n ts .  Both o r d e r s  a r e ,  i n  g e n e r a l ,  s t r i k i n g l y  
a s s o c ia te d  w ith  th e  P a c i f i c  O cean. I n  th e  s o u th e rn  h em isp h ere  o n ly  
one ( F odocarpus) o f  tw e n ty -o n e  g e n e ra  ra n g e s  f a r  from  i t .  I n  th e  
n o r th e rn  hem isphere  s i x  ( J u n ip e r u s . C u p re ssu s . A b ie s . P ic e a . L a r ix . 
and F irm s) o f  t h i r t y - t h r e e  g e n e ra  a r e  w ide r a n g in g ,  and even among 
th e s e  th e  m a jo r i ty  o f  th e  s p e c ie s  l i e  n e a r  th e  P a c i f i c .
The second g e n e ra l  q u a l i t y  o f  c o n i f e r - t a x a d  d i s t r i b u t i o n  i s  t h a t  
a l l  g e n e ra  a r e  a s s o c ia te d  w ith  e i t h e r  th e  n o r th e rn  o r  th e  s o u th e rn  
h em isp h e re . Of f i f t y - f o u r  g e n e ra , tw en ty -o n e  a r e  p r im a r i ly  o r  
e x c lu s iv e ly  s o u th e rn , w h ile  t h i r t y - t h r e e  a r e  e x c lu s iv e ly  n o r th e r n .  
F a m ilie s  and  s u b fa m il ie s  may a l s o  be d e s c r ib e d  a s  e i t h e r  n o r th e rn  o r  
s o u th e rn . R. F lo r in  ( i n  L i 1953) h as  shown t h a t  th e  n o r th e rn  and 
so u th e rn  ty p e s  have e x is te d  s in c e  l a t e  P a le o z o ic .
The m a jo r i ty  o f  c o n if e r - t a x a d  g e n e ra  a l s o  have a  common h a b i t a t  
p r e f e r e n c e .  They grow n a t u r a l l y  u n d e r  th r e e  c o n d i t io n s :  1) an
e q u a b le , warm, te m p e ra te  c l im a te  2) a  m o is t  s i t u a t i o n  3) & h i l l y  o r  
m ountainous s i t e  (L i  1953).
The w ide ra n g in g  p o ly ty p ic  g e n e ra  ( e . g .  P in u s . P ic e a . - A b ie s , 
and  L a r ix  o f  th e  P in a c e a e )  a r e  p resu m ab ly  i n  a  r e c e n t  c y c le  o f  s p é c ia ­
t i o n .  Some o r  m ost o f  th e  s p e c ie s  i n  th e s e  g e n e ra  may have a r i s e n  
i n  r e l a t i v e l y  r e c e n t  t im e s  and occupy m o un ta in  and n o r th e rn  s i t e s  
opened by th e  p r o g r e s s iv e  c o o lin g  w hich  o c c u r re d  th ro u g h o u t th e  
T e r t i a r y  (L i 1953, C ain  1944); a s  th e  te m p e ra te  d e c id u o u s  f o r e s t s  
moved down th e  m o u n ta in s , and sou thw ard  o u t  o f  th e  h ig h  l a t i t u d e s ,  new 
s p e c ie s  e v o lv ed  w hich f i l l e d  th e  w id e sp re a d  b o r e a l  en v iro n m en t.
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The genus P ic e a  i l l u s t r a t e s  L i ' s  g e n e r a l i z a t io n s  w e l l .  I t s  
d i s t r i b u t i o n  i s  p r im a r i ly  N o rth e rn  P a c i f i c .  M ost o f  i t s  s p e c ie s  occupy 
h i l l y  s i t e s  i n  th e  w arm er, m o is te r  r e g io n s  o f  S o u th e a s t  A s ia . Those 
w id e r ra n g in g , c o ld  lo v in g  ta x a  to  th e  n o r th  m ig h t w e l l  b e  th e  r e s u l t  
o f  a  r e c e n t  c y c le  o f  s p é c ia t io n  f o r  h e re  " th e r e  a r e  re c o g n iz e d  geo­
g ra p h ic  r a c e s ,  taxonom ic v a r i e t i e s ,  and  taxonom ic m ixups i n d ic a t i n g  
g e n e t ic  d i v e r s i t y "  (W rig h t 1955)• The e x te n t  o f  th e s e  taxonom ic 
mixups i s  su g g e s te d  by th e  f a c t  t h a t  v a r io u s  a u t h o r i t i e s  re c o g n iz e  from  
te n  to  f o r t y  o r  more s p e c ie s  i n  th e  genus (Ja n ch e n  i n  L i 1953* W rig h t 
I 9 55 # Benson 1957)*
Though th e r e  a r e  no n a tu r a l  b re a k s  i n  th e  genus s u f f i c i e n t  to  
p e rm it  th e  draw ing  o f  s e c t io n  l i n e s ,  th e  seven  g roups l i s t e d  below  may 
b e  re c o g n iz e d  on th e  b a s i s  o f  d i s t r i b u t i o n ,  m orpho log ic  c h a r a c t e r s ,  and 
h y b r id iz a t io n  s tu d i e s  (W rig h t 1955)* 1) The P ic e a  ru b e n s -m a ria n a  g roup
i s  found  i n  N o r th e a s t  A m erica. 2 ) The P ic e a  g la u c a -e n g e lm a n n ii-p u n g e n s-  
s i t c h e n s i s  group o c c u p ie s  N orthw est A m erica . P ic e a  b re w e ria n a  S . W ats, 
and  P ic e a  ch ihuahuana M a rtin e z , though  th e y  a r e  a l s o  found i n  N orth ­
w e s t A m erica, a r e  p ro b a b ly  more c lo s e ly  r e l a t e d  to  some o f  th e  s p e c ie s  
o f  s o u th e rn  A sia  th a n  to  e i t h e r  o f  th e  o th e r  A m erican g ro u p s . 3) The 
s i x  Ja p a n e se  e p e c ie s  a r e  q u i t e  d i s t i n c t ;  among th e s e  a r e  P ic e a  kovami 
S h ira sa w a , w hich may be  th e  o l d e s t  ty p e  i n  th e  g e n u s , and P ic e a  
■ iezoensis ( S ie b .  and  Z u c c .)  C a r r . ,  w hich i s  c lo s e ly  r e l a t e d  to  b o th  th e  
P ic e a  b ra c h y ty la  g roup  o f  so u th w e s t C hina and th e  fo u r  s p e c ie s  o f  
n o r th w e s t  A m erica. 4 ) Four s p e c ie s  make up  th e  so u th w e s t C hina-Form osa 
g ro u p . W rig h t (1955) b e l ie v e s  t h ^  had  a  common o r i g in  i n  r e l a t i v e l y  
a n c i e n t  t im e s . 5 ) Two s p e c ie s  e x i s t  i n  th e  H im alayas. P ic e a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
sm lth ia n a  B o is s . to  th e  w e s t i s  p ro b a b ly  d e r iv e d  from  P ic e a  s p in u lo s a  
G r i l l .  P ic e a  s p in u lo s a . i n  t u r n ,  p ro b a b ly  a ro s e  from  th e  g roup  i n  
so u th w est C h in a . 6 ) P ic e a  kovam i. P ic e a  a s p e r a ta  M a s te rs , P ic e a  
l ik a n e e n s i s  P r i t z e l ,  and  P ic e a  a b ie s  ( L . )  K a r s t ,  o f  n o r th e rn  E u ra s ia  
a r e  p ro b a b ly  o f  a  common s to c k  d i f f e r e n t  from  t h a t  o f  P ic e a  o b o v a ta  
L edeb. 7 ) The M e d ite rran e an  s p ru c e s ,  P ic e a  o r i e n t a l i s  ( L . ) L ink  and 
P ic e a  om orika (P a n c ic )  Puiicyne, may be  d e r iv e d  from  th e  two g ro u p s 
o f  n o r th e rn  E u ra s ia .
C. I n t r o d u c t io n  to  th e  N orthw est A m erica Complex
The need f o r  a s tu d y  o f  v a r i a t i o n  i n  th e  genus P ic e a  and 
e s p e c i a l l y  i n  i t s  w id e sp rea d  n o r th e r n  s p e c ie s  i s  p a t e n t .  The p a t t e r n s  
o f  m o rp h o lo g ic a l, p h y s io lo g ic a l ,  and  e c o lo g ic a l  v a r i a t i o n  a r e  p o o r ly  
u n d e rs to o d  and so  i s ,  t h e r e f o r e ,  th e  taxonom y. S i l v i c u l t u r a l  p rob lem s 
a r e  a s s o c ia te d  w ith  t h i s  r a c i a l  v a r ia t io n *  1 ) how sh o u ld  e x i s t i n g  s ta n d s  
be  c l a s s i f i e d  and managed 2 ) a s  r e f o r e s t a t i o n  i n c r e a s e s ,  w hat sh o u ld  be 
u se d  f o r  s to c k  3 ) how sh o u ld  s e l e c t i o n  and b re e d in g  program s be c a r r i e d  
o u t?  O b v io u sly , l i t t l e  can  be  known a b o u t th e  g e n e t ic  and  h i s t o r i c  
r e l a t i o n s h i p s  betw een g ro u p s u n t i l  t h e  g roups th em se lv e s  a r e  re c o g n iz e d .
Of th e  w id e sp rea d  N o rth e rn  s p e c ie s ,  t h a t  g roup  W rig h t (1955) 
c a l l s  th e  "N orthw est A m erica Complex" i n t e r e s t s  me. Of th e s e ,  I  
have  chosen  to  s tu d y  th e  t h r e e  n a t iv e  to  th e  N o rth e rn  R o ck ie s : P ic e a
p u n g en s. P . e n g e lm a n n ii. and 2 ^  g la u c a .  The f o u r t h ,  ^  s i t c h e n s i s  
(B o n g .) C a r r , h as  been  o m itte d  to  re d u c e  th e  s i z e  o f  th e  s tu d y  a re a  and 
make p o s s ib le  a  c lo s e r  s tu d y  o f  th e  v a r i a t i o n  i n  th e  rem a in in g  th r e e .  
B ecause I  f e e l  t h a t  W r ig h t 's  (1 955 ) u s e  o f  th e  w ord "com plex" i n  
d e s c r ib in g  th e  r e l a t i o n s h i p  betw een th e s e  form s i s  p a r t i c u l a r l y  a p t .
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I  m ust p o in t  o u t  t h a t  though  custom ary  s p e c ie s  names w i l l  be  u se d  
to  r e f e r  to  re c o g n iz a b le  t a x a ,  t h e i r  u s e  i s  n o t  m eant to  im p ly  t h a t  
each  tax o n  m entioned sh o u ld  be re c o g n iz e d  a t  th e  s p e c ie s  l e v e l .
The e a r ly  h i s t o r y  o f  th e  N o rth w est A m erica conqjlex i s  a lm o s t 
co m p le te ly  unknown. A ccord ing  to  W rig h t (1 9 5 5 ) t i t  was p ro b a b ly  
d e r iv e d  from  P ic e a  kovami v ia  P ic e a  .Ie z o e n s is  and  P ic e a  s i t c h e n s i s .
L i ( 1953) n o ted  t h a t  th e s e  sp ru c e s  w ere  r e c e n t l y  and p ro b a b ly  s t i l l  
a r e  i n  a  c y c le  o f  s p é c ia t io n .  F o s s i l  e v id e n c e  on s p ru c e s  i n  th e  
N orthw est (an d  i n  th e  w o rld ) i s  v e ry  s c a r c e .  W ilso n  and W ebste r ( 1 9 ^ )  
r e p o r te d  sp ru c e  p o l le n  from  th e  F o r t  U nion c o a l  (P a le o c e n e )  n e a r  Red 
Lodge, M ontana, Wodehouse (1933) found  th r e e  ty p e s  o f  sp ru c e  p o l le n  
i n  th e  G reen R iv e r  F o rm ation  o f  C olo rado  (E o c e n e ) . We can  c o n c lu d e , 
t h e r e f o r e ,  t h a t  two o r  th r e e  u p la n d  sp ru c e  ty p e s  e x is te d  i n  th e  
n o r th e rn  R ockies e a r ly  i n  th e  T e r t i a r y ,  b u t  due  to  la c k  o f  c o n t in u i ty  
i n  th e  f o s s i l  r e c o rd ,  we can  draw  no c o n c lu s io n s  a b o u t t h e i r  r e l a t i o n ­
s h ip  to  th e  complex p r e s e n t ly  found  t h e r e .  A few M iocene and P l io c e n e  
f o s s i l s  s im i la r  to  P ic e a  b re w e ria n a  ( P . sonom ensis A x e lro d , 1944) and 
P ic e a  e n g e lm a n n ii-P . co lum blana ( P . la h o n te n s e  M cG in tie , 1933) have been  
fo und .
Even th e  P le is to c e n e  h i s t o r y  o f  th e s e  p o p u la t io n s  i s  s k e tc h y .
One m igh t presum e t h a t  th e  A m erican sp ru c e s  e i t h e r  moved southw ard  
(and  downward i n  th e  m o u n ta in s) ahead  o f  th e  g l a c i e r s  o r  w ere  o v e rru n .
We have some e v id e n ce  t h a t  P ic e a  g la u c a  was a b le  to  m ig ra te  sou thw ard  
ahead  o f  th e  g l a c i e r s  i n  th e  m idw est. R osendah l ( 1 9 4 8 ), f o r  exam ple, 
r e p o r t s  P le is to c e n e  m a c r o f o s s i l s ,  in c lu d in g  P ic e a  g la u c a  and P ic e a  
m arian a  ( M i l l . )  B .S .P . ,  th ro u g h o u t M in n eso ta . More i n t e r e s t i n g .
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p e rh a p s , a r e  th e  m a c ro fo s s i l s  r e p o r te d  from  s o u th e rn  Ohio (B e rry  193^» 
Bum s 1958) and M isso u ri (H ansen 1935)* F o s s i l  sp ru c e  p o l le n s  have been  
r e p o r te d  from  F lo r id a ,  th e  C a ro l in a s ,  L o u is ia n a , and  n o r th e a s t  Texas
(S e a rs  I929 ) .
L ess  work h a s  been done i n  th e  W est. D, Love (1959)  b e l ie v e s  
t h a t  th e  i c e  advanced so r a p id ly  t h a t  a l l  th e  s p ru c e  on th e  g r e a t  
p l a in s  w ere o v e rru n . She e s t im a te s  a  maximum m ig ra tio n  r a t e  o f  te n  
m e te rs  a  y e a r  f o r  P ic e a  g la u c a . and a  minimum r a t e  o f  g l a c i a l  advance  
o f  t h i r t y  m e te rs  a  y e a r .  A f te r  th e  g l a c i a l  r e t r e a t ,  sh e  b e l ie v e s  th e  
c o n i f e r s  m ig ra te d  e as tw a rd  a lo n g  th e  Bow and M isso u ri R iv e rs  from  
s t a t i o n s  n e a r  th e  f o o t  o f  th e  R ock ies to  re in v a d e  M an itoba , W rig h t 
( 1964) ,  on th e  o th e r  h an d , h a s  c o l l e c t e d  some e v id e n c e  t h a t  a  b e l t  o f  
P ic e a  g la u c a  may have been a b le  to  s t a y  ahead  o f  th e  c o n t in e n ta l  
g l a c i e r  f o r  th o u san d s o f  y e a r s ,  a t  l e a s t .  F o s s i l s  have been found a t  
P ic k e r a l  L ake, n o r th e a s t  S ou th  D ako ta ; H u b e rt, S askatchew an; and Tappen, 
N orth  D ako ta . F o s s i l s ,  in c lu d in g  b o th  p o l le n  and n e e d le s  o f  sp ru c e  
found n e a r  Rosebud, S ou th  D ak o ta , s u g g e s t  t h a t  sp ru c e  was n e v e r  o v e rru n . 
The "B lack H i l l s  s p ru c e ,"  an  i s o l a t e d  p o p u la t io n  o f  P ic e a  g la u c a  found 
i n  th e  B lack H i l l s  o f  N orth  D ak o ta , may be  a  r e l i c  o f  th e s e  t im e s . 
D epending on one* s i n t e r p r e t a t i o n  o f  th e s e  f a c t s  and h i s  id e a  o f  th e  
d i s t r i b u t i o n  o f  th e  c l im a te  ahead  o f  th e  i c e  s h e e t ,  he  m igh t im ag in e  th e  
P le is to c e n e  d i s t r i b u t i o n  o f  sp ru c e  i n  Wyoming and Montana a s  a n y th in g  
ra n g in g  from  f o r e s t s  to  o c c a s io n a l  s t r e a m s id e  t r e e s .
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I I .  PROCEDURES
T hree p ro c e d u ra l  s te p s  a r e  in v o lv e d  i n  d is c o v e r in g  th e  v a r i a t i o n  
p a t t e r n  o f  a  g ro u p . One m ust f i r s t  choose  a  g roup  o f  l o c a l  p o p u la t io n s  
to  r e p r e s e n t  th e  com plex; he  m ust th e n  d e s c r ib e  th e  q u a l i t y  o f  each  o f  
th e s e  p o p u la t io n s ,  and f i n a l l y  he m ust com pare t h e  d e s c r ip t io n s  to  
d is c o v e r  how th e  q u a l i t y  v a r i e s .
A. C hoice o f  P o p u la tio n s
A group o f  many l o c a l  p o p u la t io n s  u n ifo rm ly  d i s t r i b u t e d  
th ro u g h o u t th e  ran g e  o f  th e  c o n ^ lex  m ig h t be e x p e c te d  to  p ro v id e  th e  
b e s t  b a se  f o r  a  d e s c r ip t io n  o f  v a r i a t i o n  p a t t e r n s .  Many p o p u la t io n s  
sh o u ld  be u se d  b e ca u se  we f in d  th e  r e s u l t s  o f  r e p e a te d  o b s e rv a t io n s  
m ost c o n v in c in g . The p o p u la t io n s  sh o u ld  be  e v e n ly  d i s t r i b u t e d  i n  th e  
ran g e  b ecau se  t h e  r e s u l t s  o f  o b s e rv a t io n s  r e p e a te d  u n d e r  v a ry in g  
c irc u m sta n c e s  h e lp  u s  to  draw  l i m i t s  to  th e  c o n d i t io n s  u n d e r  w hich we 
e x p e c t th e  phenomena. U n fo r tu n a te ly  th e  number o f  o b s e rv a t io n s  p o s s ib l e  
i n  a l l  p r a c t i c a l  s i t u a t i o n s  i s  l i m i t e d ,  so on th e  b a s i s  o f  p re l im in a ry  
r e s u l t s ,  th e  m ost i n t e r e s t i n g  p a r t s  o f  th e  p a t t e r n  sh o u ld  be  chosen  and 
sam pled m ost h e a v i ly ,  A s i m i l a r  c o n f l i c t  betw een th e  i d e a l  and  th e  
p r a c t i c a l  w i l l  b e  n o te d  i n  o th e r  p a r t s  o f  t h i s  s e c t i o n .  T h is c o n f l i c t  
m ust a lw ays r e s u l t  i n  a  b u d g e tin g  o f  o b s e rv a t io n s  betw een  v a r io u s  s te p s  
o f  a  s tu d y  to  y i e l d  th e  m ost c o n v in c in g  and g e n e ra l  c o n c lu s io n s .
D uring  th e  summer o f  1964, I  v i s i t e d  and sam pled s e v e r a l  a r e a s  
i n  th e  ra n g e  o f  each  s p e c ie s  a s  a r e  shown on S u d w o rth 's  ( I 9 I 6 ) ran g e  
m aps. I n  m ost a r e a s  I  sam pled  s ta n d s  a t  d i s t a n c e s  o f  f i v e  to  tw en ty  
m ile s  from  th o s e  p r e v io u s ly  sam pled . The c h o ic e  o f  s ta n d s  n e a r  ro a d s
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seemed to  p roduce  no b ia s e s  o th e r  th a n  em phasis o f  th e  low  a l t i t u d e  
s tre a m s id e  s i t e s  w here sp ru c e  a r e  m ost common anyway, I  t r i e d  to  
av o id  t h i s  b i a s ,  how ever, by sam p ling  on m oun ta in  p a s s e s  w henever 
p o s s ib le .  Appendix I  sum m arizes s ta n d  d a ta  f o r  each  o f  th e s e  p o p u la ­
t i o n s ,  F ig u re  1 l o c a te s  th e  g e n e ra l  a r e a s  sam pled i n  th e  ra n g e s  o f  
th e  s p e c ie s  s tu d ie d .
s tu d y  co u ld  b e  ex ten d ed  by eKamining h e rb a riu m  m a te r ia ls  
r e p r e s e n t in g  a d d i t io n a l  p o p u la t io n s .  The u s e  o f  th e s e  m a te r ia l s  
e a r l i e r  i n  th e  s tu d y  w ould have added  l i t t l e  b e ca u se  th e  c h o ic e  and 
m easurem ent o f  c h a r a c te r s  r e q u i r e s  d i s s e c t i o n .  Now t h a t  th e  c h a r a c te r s  
and t h e i r  r e l a t i o n s h i p s  have been  s tu d ie d ,  more c o n fid e n c e  c o u ld  be  
p la c e d  i n  th o s e  m easurem ents t h a t  c o u ld  b e  made w ith o u t  d i s s e c t i o n ,
B, D e s c r ip t io n  o f  P o p u la tio n s
Desczd-bing th e  q u a l i t y  o f  a  p o p u la t io n  i s  a  m ore d i f f i c u l t  t a s k  
th a n  choosing  i t .  P e rh ap s  th e  b e s t  way o f  d o in g  t h i s  i s  to  d e s c r ib e  
th e  v a r i a t i o n  i n  each o f  many q u a l i t i e s  ( c h a r a c t e r s )  e x h ib i te d  by  th e  
in d iv id u a ls  o f  t h a t  p o p u la t io n  and from  th e s e  d e s c r ip t io n s  o f  q u a l i t i e s  
to  s y n th e s iz e  a  s ta te m e n t  o f  s ta n d  q u a l i t y .  The p ro c e s s  o f  d e s c r ip t io n  
i s ,  th e n ,  a  th r e e  s t e p  p r o c e s s :  one  m ust choose  many in d iv id u a l s  from
each o f  th e  p o p u la t io n s ;  from  each  o f  th e s e  he  m ust e x t r a c t  m easurem ents 
o f  each  o f  th e  many c h a r a c te r s  t o  be  u se d  i n  th e  d e s c r ip t io n ;  and f i n a l l y  
he  may e i t h e r  s y n th e s iz e  th e  d e s c r i p t io n  o f  c h a r a c te r s  i n t o  a  com posite  
d e s c r ip t io n  o f  th e  p o p u la t io n  o r  p r e s e n t  them  d i r e c t l y  a s  a d e s c r ip ­
t i o n  o f  th e  p o p u la t io n .
I  have  u se d  an  u n d e fin e d  "many*' above to  d e s c r ib e  th e  number o f  
q u a l i t i e s  t h a t  sh o u ld  b e  in c o rp o r a te d  i n  a  d e s c r i p t io n  o f  p o p u la t io n
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F ig u re  1* Ranges o f  P ic e a  g la u c a  ( i n s i d e  b lu e  l i n e ) ,  P ic e a
pungens ( i n s i d e  s o l i d  l i n e ) ,  and P ic e a  en gelm ann ii 
( s t i p p le d )  a s  m o d if ied  from  Sudw orth (1 9 1 o ). 
P lu s s e s  i n d i c a t e  a r e a s  w here p o p u la t io n s  w ere 
sam pled .
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q u a l i t y  and th e  number o f  in d iv id u a l s  from  w hich each  o f  th e s e  
c h a r a c te r s  shou ld  b e  e x t r a c te d  to  e s t im a te  th e  v a r i a t i o n  i n  ( o r  s ta n d  
q u a l i t y  o f )  ü i a t  c h a r a c t e r .  I  w i l l  d i s c u s s  t h e  num ber o f  in d iv id u a l s  
r e q u ir e d  f i r s t .
1 . C hoice  o f  in d iv id u a ls  to  r e p r e s e n t  th e  p o p u la t io n s .  Because 
we, a s  s c i e n t i s t s ,  a r e  m ost im p re ssed  by  th e  r e s u l t s  o f  re p e a te d  
o b s e rv a t io n s  and b e ca u se  o b s e rv a t io n s  o f  phenomena o c c u r r in g  u n d e r 
d i f f e r e n t  c irc u m s ta n c e s  h ^ p  u s  to  draw  l i m i t s  to  th e  c o n d it io n s  u n d e r 
id iich  we e x p e c t th o s e  phenom ena, th e  u s e  o f  many in d iv id u a ls  e v e n ly  
d i s t r i b u t e d  i n  th e  p o p u la t io n  m ig h t b e  e x p ec te d  to  p ro v id e  th e  b e s t  
d e s c r ip t io n  o f  th e  v a r i a t i o n  i n  any  c h a r a c te r  s tu d ie d .  W ith t h i s  
id e a  i n  m ind, I  chose  to  sam ple te n  t r e e s  i n  each  s ta n d  by re c o rd in g  
on f i e l d  d a ta  s h e e ts  numerous c h a r a c te r s  from  p u b escen ce  to  t r e e  
h e ig h t  and w id th  f o r  each  and g a th e r in g  h e rb a riu m  m a te r ia l s  from  e ac h .
I t  soon became ob v io u s t h a t  t h i s  p ro c e d u re  c o n f l i c t e d  w ith  o th e r  g o a ls  
o f  th e  s tu d y : such  d e t a i l e d  o b s e rv a t io n s  o f  so many t r e e s  p re c lu d e d
th e  exam ina tion  o f  many p o p u la t io n s ,  much o f  th e  d a ta  seemed in a p p l i c a b le ,  
and many c h a ra c te r s  m igh t be  m easured more e f f i c i e n t l y  and a c c u r a te ly  
i n  th e  l a b o r a to r y .
T h e re fo re , f o r  th e  m a jo r i ty  o f  s ta n d s ,  I  o b se rv ed  f i v e  t r e e s .  I  
q u i t  u s in g  th e  f i e l d  d a ta  s h e e ts  and p la n n e d  to  choose  and m easure  th o s e  
c h a r a c te r s  needed f o r  th e  s tu d y  from  b a rk  and cone sam ples g a th e re d  from  
each o f  th e  f i v e  t r e e s ,  a  tw ig  from  a  lo w e r b ran c h  o f  one t r e e ,  and 
ba lsam s from  th e  b l i s t e r s  o f  any  t r e e s  b e a r in g  them . I  f e e l  t h a t  th e  
v a lu e  o f  th e  s tu d y  was in c r e a s e d  more by  th e  in c r e a s e  i n  number o f  s ta n d s  
sam pled th a n  i t  was d e c re a s e d  by  th e  more l im i t e d  o b s e rv a t io n s  o f  th o s e
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s ta n d s .
2 . C r i t e r i a  f o r  c h o ic e  o f  c h a r a c te r s  w ith  w hich to  d e s c r ib e  
th e  p o p u la t io n s .  I n  th e  c h o ic e  o f  p o p u la t io n s  and in d iv id u a l s  w i th in  
th o s e  p o p u la t io n s  I  was concerned  w ith  th e  number and d i s t r i b u t i o n  o f  
u n i t s  to  be  sam pled . I  was l i t t l e  co n ce rn ed  w ith  th e  k in d s  o f  u n i t s  
to  be  sam pled b ecau se  th e  s tu d y  i s  one  o f  P ic e a  and th e  c h a r a c te r s  
u sed  to  d e f in e  t h i s  genus w ere  s e t  f o r t h  e a r l i e r .  I n  th e  c h o ic e  o f  
q u a l i t i e s  ( o r  c h a r a c te r s )  i n  te rm s o f  w hich I  can  d e s c r ib e  th e  p o p u la ­
t io n s  chosen  I  m ust be  concerned  n o t  o n ly  w ith  th e  number o f  q u a l i t i e s  
needed and th e  r e l a t i o n s h i p  o f  th o s e  q u a l i t i e s  to  each  o th e r ,  b u t  a ls o  
w ith  w hich q u a l i t i e s  I  w ish  to  u s e .
The p h e n o ty p ic  q u a l i t i e s  o f  any  p l a n t  a r e  a  r e s u l t  o f  th e  
i n t e r a c t i o n  o f  th e  gen o ty p e  and  th e  e n v iro n m en t. T axonom ists have 
lo n g  ob se rv ed  t h a t  some q u a l i t i e s  a r e  g r e a t ly  a f f e c t e d  by th e  e x te r n a l  
env ironm ent i r t i i le  o th e r s  e x h ib i t  a p p ro x im a te ly  th e  same s t a t e s  u n d e r a  
w ide ran g e  o f  en v iro n m en ta l c o n d i t io n s .  Though s tu d y  o f  th e  fo rm er 
m igh t be v e ry  i n t e r e s t i n g ,  ta x o n o m is ts  and  e v o lu t i o n i s t s  have g e n e r a l ly  
been  more i n t e r e s t e d  i n  th e  l a t t e r  b e c a u se  th e y  f u r n i s h  more e a s i l y  
i n t e r p r e t e d  i n d i r e c t  e v id e n ce  on th e  g e n e t ic  s t r u c t u r e  and p h y lo ­
g e n e t ic  r e l a t i o n s h i p  o f  p o p u la t io n s .
T h is  o u tlo o k  i s  e x p re sse d  by  S o k a l and S n e a th * s  ( I 963 ) d is c u s ­
s io n  o f  a d m issa b le  and in a d m is s a b le  c h a r a c t e r s .  1) The c h a r a c te r  m ust 
have g e n e t ic  m eaning, i . e . ,  th e  g e n e t ic  q u a l i t y  o f  th e  c h a r a c te r  m ust 
b e  re c o g n iz a b le  above e n v iro n m en ta l m o d if ic a t io n .  P e rh ap s  th e  b e s t  
e v id e n c e  t h a t  th e  v a r i a t i o n  i n  th e  c h a r a c te r s  I  w i l l  d i s c u s s  s h o r t l y  i s  
due to  v a r i a t i o n  i n  g e n o ty p e s  i s  t h a t  th e s e  t r e e s  r e t a i n  th e  c h a r a c t e r
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s t a t e s  o f  t h e i r  p a r e n t  p o p u la t io n s  even  when grown i n  u n u su a l 
en v iro n m en ts . As a  g e n e ra l  r u l e ,  f l o r a l  p a r t s ,  bud s c a l e s ,  l e a v e s  
and o th e r  such o rg an s  show r e l a t i v e l y  l i t t l e  e n v iro n m e n ta l m o d if ic a t io n  
b ecau se  t h e i r  form  i s  d e te rm in e d  i n  th e  bud s ta g e  and  l i t t l e  grow th 
o c c u rs  a f t e r  th e  o rg an  i s  exposed d i r e c t l y  to  th e  e x te r n a l  e n v iro n ­
m ent. 2) C h a ra c te rs  m ust n o t  be  l o g i c a l l y  c o r r e l a t e d  a s  a r e ,  f o r  
exam ple, th e  r a d iu s  and c irc u m fe re n c e  o f  a  c i r c l e .  3 ) A c h a r a c te r  
showing p a r t i a l  l o g i c a l  c o r r e l a t i o n  to  a n o th e r  sh o u ld  b e  in c lu d e d  o n ly  
i f  a  second f a c t o r  seems to  be im p o r ta n t  i n  i t s  d e te r m in a t io n .  I n  
c a se s  id ie re  a  second f a c t o r  i s  s u s p e c te d , b u t  q u e s t io n a b le ,  S o k a l and 
S n ea th  ( I 963 ) choose to  in c lu d e  th e  c h a r a c t e r ,  e r r in g  i n  th e  d i r e c t i o n  
o f  redundancy r a t h e r  th a n  o m is s io n . I t  sh o u ld  be n o te d  t h a t  th e  u s e  
o f  a  red u n d an t c h a r a c te r  i s  a  w e ig h tin g  o f  c h a r a c te r s  and t h a t  th e  
w e ig h t o f  a  red u n d a n t c h a r a c te r  becomes g r e a t e r  a s  th e  number o f  
c h a r a c te r s  grows s m a l le r .  4 )  I n v a r i a n t  c h a r a c te r s  sh o u ld  b e  o m itte d  
i n  s tu d ie s  o f  v a r i a t i o n .  They te n d  to  mask th e  v a r i a t i o n  t h a t  may be  
o b se rv e d . 5) C h a ra c te r  s t a t e s  sh o u ld  n o t  be  re c o g n iz e d  a t  l e v e l s  below  
t h a t  o f  e x p e rim e n ta l e r r o r .  6) H ig h ly  c o r r e l a t e d  c h a r a c te r s  may be  
u se d  u n le s s  t h e r e  i s  d e f i n i t e  g e n e t ic  e v id e n c e  t h a t  th e y  a r e  th e  sam e.
A •'taxonom ic c h a ra c te r*  i s ,  th e n ,  a  p h e n o ty p ic  q u a l i t y  v a ry in g  
c o n tin u o u s ly  o r  d i s c r e t e l y  betw een  i n d iv i d u a l s .  The d i s c r e t e n e s s  
o f  t h i s  v a r i a t i o n  i s  i n v e r s e l y  r e l a t e d  to  th e  number o f  genes in v o lv e d  
i n  d e te rm in in g  th e  c h a r a c te r  and  to  t h e  d e g re e  o f  en v iro n m en ta l c o n tr o l  
o v e r  th e  developm en t o f  t h a t  c h a r a c t e r .  The "nexus h y p o th e s is*
(S o k a l and  S n e a th  I 9 6 3 ) s t a t e s  t h a t  m ost taxonom ic c h a r a c te r s  a r e  
a f f e c t e d  by s e v e r a l  g e n e s , and  c o n v e r s e ly , t h a t  each  gene a f f e c t s
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s e v e r a l  c h a r a c te r s .  The b e s t  e v id e n c e  f o r  t h i s  id e a  l i e s  i n  th e  
phenomena o f  p le io t ro p h y  and m u l t i f a c t o r i a l  d e te rm in a t io n .  The 
"h y p o th e s is  o f  n o n - s p e c i f i c i ty "  s t a t e s  t h a t  th e r e  a r e  no gene c la s s e s  
r e s t r i c t e d  to  such  c h a r a c te r  c la s s e s  a s  we may r e c o g n iz e ,  i . e . ,  any 
g iv en  gene may a f f e c t  m o rp h o lo g ic a l, p h y s io lo g ic a l ,  and e th o lo g ic a l  
t r a i t s .
The im p l ic a t io n s  o f  th e s e  id e a s  a r e  w id e . Most im p o r ta n t ,  
p e rh a p s , i s  th e  id e a  t h a t  th e  d e g re e  o f  v a r i a t i o n  betw een  p o p u la t io n s  
i n  one c la s s  o f  c h a r a c te r s  ( e .g .  m o rp h o lo g ic a l)  i s  s u g g e s t iv e  o f  th e  
d e g re e  o f  v a r i a t i o n  betw een p o p u la t io n s  i n  a n o th e r  c l a s s  ( e .g .  p h y s io ­
l o g i c a l ) .  W hereas i t  seemed im p o r ta n t  to  s e l e c t  p o p u la t io n s  w id e ly  
d i s t r i b u t e d  i n  th e  ra n g e  o f  th e  complex and in d iv id u a l s  w id e ly  d i s t r i ­
b u ted  i n  th e  l o c a l  p o p u la t io n ,  i t  seems l e s s  im p o r ta n t  to  sanqple w id e ly  
i n  th e  spectrum  o f  c h a r a c te r  c l a s s e s .  A c l a s s i f i c a t i o n  b u i l t  on 
o b s e rv a t io n s  from  one c l a s s  ( e . g .  m o rp h o lo g ic a l)  i s  l i k e l y  to  p ro v id e  
a  s u i t a b l e  framework f o r  re c o rd in g  o b s e rv a t io n s  made on o th e r  c l a s s e s .  
T h is  b e in g  so , we can  ig n o re  th e  p rob lem  o f  d i s t r i b u t i o n  o f  c h a r a c te r s  
and  d e v o te  o u r e n e rg ie s  to  th e  m easurem ent o f  a s  many d i f f e r e n t  c h a ra c ­
t e r s  a s  we can : o f  th e  c h a r a c te r s  m ee tin g  th e  s p e c i f i c a t i o n s  l i s t e d
above th e  most e a s i l y  m easured  ones sh o u ld  b e  u s e d .
The number o f  c h a r a c te r s  r e q u i r e d  to  d e f in e  th e  t r u e  q u a l i t y  o f  
a  p o p u la t io n  i s  a  m a t te r  o f  d i s p u te .  S o k a l and  S n ea th  ( I 963 ) hope 
ta w n o m is ts  w i l l  u s e  one hundred  to  two hundred  c h a r a c t e r s ,  b u t  w i l l  
be s a t i s f i e d  i f  ü ie y  u s e  f o r t y  to  s i x t y .  Benson ( I 962 ) recommends th e  
u s e  o f  tw en ty  c h a r a c t e r s .  S te b b in s  (1950) f in d s  a  th r e e  c h a r a c te r  
s tu d y  done by  D ansereau  (1939) on C is tu s  q u e s t io n a b le ,  b u t  w orth
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q u o tin g . I n  a  s p e c i f i c  c a se  one may t e s t  a  c l a s s i f i c a t i o n  b ased  on 
one s e t  o f  c h a r a c te r s  by r e c l a s s i f y in g  w ith  a  d i f f e r e n t  s e t  and 
com paring th e  two to  se e  i f  th e y  a r e  c o n g ru e n t:  g r e a t  s i m i l a r i t i e s
have u s u a l ly  been  found betw een c l a s s i f i c a t i o n s  b a sed  on m o rp h o lo g ic a l, 
c y to lo g ic a l ,  and chem ica l c h a r a c te r s  and  may b e  assum ed to  i n d i c a t e  
an ad eq u a te  c l a s s i f i c a t i o n .
I t  seems t h a t  th e  number o f  c h a r a c t e r s  needed  w ould depend upon 
th e  taxonom ic l e v e l  a t  w hich a  s tu d y  was b e in g  made. C e r ta in ly  one 
m ust r e f e r  to  more c h a r a c te r s  to  d e s c r ib e  th e  v a r i a t i o n  w i th in  a 
d i v i s io n  th a n  a r e  needed to  d e s c r ib e  t h e  v a r i a t i o n  w i th in  a  g en u s: 
th e r e  i s  more v a r i a t i o n  to  d e s c r ib e .  An i n t e r e s t i n g  c o r o l l a r y  to  
t h i s  s ta te m e n t i s  t h a t  more c h a r a c te r s  a r e  r e q u i r e d  to  d e s c r ib e  a  
genus th a n  a re  needed to  d e s c r ib e  a  d i v i s io n .  P e rh ap s th e  m ost 
ex trem e example o f  im p o r ta n t  v a r i a t i o n  r e c o g n iz a b le  i n  te rm s o f  a  few 
c h a r a c te r s  a r e  ta x a  d i s t in g u is h e d  by  l e v e l s  o f  p lo id y ;  i n  t h i s  c a se  
a  one c h a r a c te r  d i f f e r e n c e  may i n d i c a t e  an a b sen c e  o f  gene flow  
betw een p o p u la t io n s .
In  g e n e ra l ,  how ever, th e  u s e  o f  th e  l a r g e s t  number o f  c h a r a c te r s  
p o s s ib le  seems to  b e  th e  b e s t  p o l i c y .  A w ide sam pling— even though i t  
may exceed th e  p o in t  o f  d im in is h in g  r e t u r n s — i s  a lw ays more im p re s s iv e  
th a n  a  narrow  o n e . As th e  number o f  a s s o c ia te d  p h e n o ty p ic  d i f f e r e n c e s  
betw een  th e  ta x a  becomes l a r g e r  t h e  p r o b a b i l i t y  t h a t  th e y  a r e  due to  
g e n e t ic  d i f f e r e n c e s  r a t h e r  th a n  e n v iro n m e n ta l d i f f e r e n c e s  i n c r e a s e s .  
S im i la r ly ,  th e  p r o b a b i l i t y  t h a t  th e y  a r e  n o t  due  to  th e  e s ta b l is h m e n t  
o f  s im i l a r  m u ta tio n s  i n  u n r e l a te d  l i n e s  becomes g r e a t e r .
C r i t e r i a  f o r  sam p lin g  a  com plex have b een  d is c u s s e d  and nqr
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m ethod o f  choosing  p o p u la t io n s  was d e s c r ib e d .  I  have  e x p la in e d  t h a t  
th e  q u a l i t y  o f  each  o f  th e s e  p o p u la t io n s  m ig h t be  d e s c r ib e d  by  d e s c r ib ­
in g  th e  s t a t e s  o f  each o f  a  s e r i e s  o f  c h a r a c te r s  e x h ib i te d  by  i t s  
i n d iv i d u a l s , by t r y in g  to  a r r i v e  a t  a  " s ta n d  v a lu e "  f o r  each  o f  a  
s e r i e s  o f  c h a r a c te r s .  C r i t e r i a  w ere  th e n  d is c u s s e d  f o r  choosing  
in d iv id u a ls  to  r e p r e s e n t  th e  l o c a l  p o p u la t io n s  and n^r m ethod was 
d e s c r ib e d . F in a l ly  c r i t e r i a  f o r  th e  c h o ic e ,  d i s t r i b u t i o n ,  and number 
o f  c h a r a c te r s  needed f o r  a d e q u a te  d e s c r i p t io n  o f  a  p o p u la t io n  w ere 
d is c u s s e d .  B efore  I  p ro ce ed  to  d is c u s s  my c h o ic e  o f  c h a r a c te r s  X would 
p o in t  o u t  t h a t  i f  th e  c h a r a c te r s  chosen  a r e  l i t t l e  in f lu e n c e d  by  th e  
env ironm en t, th e y  m ig h t be  th o u g h t o f  a s  an i n d i r e c t  sam ple o f  th e  
gene p o p u la t io n s  o f  th e  in d iv id u a ls  b e a r in g  them , o r  i f  s e v e r a l  in d iv id ­
u a l s  w ere m easured i n  each s ta n d ,  o f  an  i n d i r e c t  sam ple  o f  th e  gene 
p o o l o f  th e  p o p u la t io n  s tu d ie d .  G iven th e s e  a ssu m p tio n s  th e  s ta n d  
d e s c r ip t io n  m igh t be  th o u g h t o f  a s  a  d e s c r i p t io n  o f  th e  gene p o o l o f  
th e  p o p u la tio n  b ased  on a  sam ple o f  th e  genes draw n from  i t .
3 . C hoice o f  c h a r a c te r s  w ith  w hich to  d e s c r ib e  th e  n o n u la t io n s . 
The se a rc h  f o r  c h a r a c te r s  w hich v a ry  betw een  p o p u la t io n s  b u t  a r e  l i t t l e  
a f f e c te d  by th e  env ironm en t m ig h t b e g in  e i t h e r  i n  th e  l i t e r a t u r e  o r  i n  
th e  h e rb a riu m . I d e a l l y  b o th  so u rc e s  sh o u ld  b e  u se d  c o n c u r re n t ly .  
A ppendix I I  sum m arizes v a r i a b le  c h a r a c te r s  found  i n  th e  l i t e r a t u r e .
Most o f  i t  i s  m o d ified  from  two s i m i l a r  t a b l e s  p u b lis h e d  by W rig h t 
( 1955) and H orton  (1956) sum m arizing t h e i r  o b s e rv a t io n s  and th e  o b se r ­
v a t io n s  o f  o th e r s  a s  re c o rd e d  i n  Brown (1 9 0 7 ) , B r i t to n  ( I 9 O8 ) ,  B u lard  
( I 946- I 9 4 7 ) ,  Cheng ( 1939) ,  D a llim o re  and Ja ck so n  (1 9 ^ 8 ) , Elwes and 
H enry ( I 906- I 9 I 2 ) ,  G aussen  and L acassag n e  (1 9 3 0 ) , Iw a ta  and Kasaka
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(1952)» Harlow and H a r ra r  ( 1 9 4 1 ) ,  K an eh ira  ( 1 9 3 6 ) ,  Kirkwood (1 9 3 3 ) ,  
L acassagne (1 9 3 4 ) ,  M artin ez  ( 1 9 5 3 ) ,  M e lv i l le  ( 1 9 5 0 ) ,  M y ab e  and Kudo 
( 1932) ,  N akai ( I 9 I9 , 1941, 1943) ,  P re s to n  ( 1948) ,  R ehder ( 1 9 4 0 ) ,
R ehder and W ilson  ( 1 9 1 4 ) ,  Rydberg (1 9 2 2 ) ,  Sudw orth ( I 9 I6 ) ,  S a rg e n t 
( I 898 , 1922) ,  and W ilson  ( I 9 I 6) .  O th e r so u rc e s  in c lu d e  Garmin ( 1 9 5 7 ) ,  
T ay lo r (1 9 5 9 ) ,  and Sax and  Sax (1933)* Though much in fo rm a tio n  i s  
in c lu d e d  i n  t h i s  t a b l e ,  a  good d e a l  o f  i t  i s  o f  l im i te d  w orth  b ecau se  
sam ples u sed  w ere  s m a ll ,  w r i t e r s  o f  g e n e ra l  books o f t e n  borrow  c h a r a c te r s  
from  each o th e r  w ith o u t c o n s u l t in g  n a t u r a l  p o p u la t io n s ,  and  p e rh a p s  
th e  ta x a  re c o g n iz e d  a r e  to o  few to  d e s c r ib e  th e  v a r i a t i o n  o c c u r r in g .
A s e a rc h  f o r  c h a r a c te r s  may be  g u id ed  by e a r l i e r  work on th e  
tax o n  s tu d ie d  o r  on r e l a t e d  ta x a ,  b u t  u l t i m a t e l y  i t  m ust b e  g u id ed  by 
an im a g in a tiv e  e x am in a tio n  o f  p l a n t  m a t e r i a l s .  C l a s s i f i c a t i o n s  and 
d is c u s s io n s  o f  ty p e s  o f  c h a r a c te r s  such  a s  th o s e  o f  Benson ( I 962) ,  
Lawrence ( 1 9 5 5 ) ,  Mayr ( 1 9 5 3 ) ,  S o k a l and  S n ea th  (1 9 6 3 ) ,  a r e  m eant to  
s t im u la te  such  im a g in a tio n  and to  show how a lm o s t a l l  b io lo g i c a l  
c o n c e p ts  can  be  a p p l ie d  to  taxonom ic p ro b lem s. Among th e  b ro a d e s t  
ty p e s  o f  c h a r a c te r s  a r e  c y to lo g ic ,  m o rp h o lo g ic -a n a to m ic , c h e m ic a l, 
im m uno log ica l, p h y s io lo g ic a l ,  b e h a v io ra l  and e c o l o g i c - d i s t r i b u t i o n a l .
The fo llo w in g  d i s c u s s io n  w i l l  show how I  have  u se d  th e  f i r s t  t h r e e  i n  
my s tu d y .
F or an  e x am in a tio n  o f  k a ry o ty p e s  I  p re p a re d  l e a f  b a se  sq u ash es  
o f  l o c a l l y  c u l t i v a t e d  P ic e a  e n e e lm a n n ii . P ic e a  g la u c a . P ic e a  p u n e en s . 
and  P ic e a  a b ie s  ty p e s  a c c o rd in g  to  th e  m ethod o f  Mergen and Novotny 
( 1957) .  No d i f f e r e n c e s  w ere  e v id e n t .  The chromosomes w ere  lo n g  and 
d i f f i c u l t  to  s e p a r a t e .  I n  u s in g  t h i s  m ethod one  m ust ta k e  g r e a t  c a re
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even to  im agine t h a t  he  i s  r e p e a t in g  th e  o b s e rv a t io n  (S ax  and Sax 
1933) t h a t  o f  th e  h a p lo id  complem ent (n= 12) n in e  chromosomes a r e  
i s o b r a n c h ia l  and  th r e e  a r e  h e te r o b r a n c h ia l ,  A more th o ro u g h  s tu d y  
o f  chromosome m orphology m ig h t be  re w a rd in g . However, i f  i t  w ere 
u n d e rta k e n  one sh o u ld  u s e  th e  more e a s i l y  s tu d ie d  gam etophyte  t i s s u e  
a s  th e  Saxes s u g g e s t .
T h at such  a  s tu d y  m ig h t b e  d is a p p o in t in g  i s  su g g e s te d  by  th e  
S a x e s ' ( 1933) su rv e y  o f  chromosome m orphology i n  th e  c o n i f e r s .  They 
found  t h a t  th e  b a s ic  chromosome number i s  tw e lv e . G enera w ere  e a s i l y  
d i s t in g u is h e d  by d i f f e r e n c e s  i n  k a ry o ty p e  due to  l o s s ,  m u l t i p l i ­
c a t io n ,  o r  s t r u c t u r a l  m u ta tio n  o f  chrom osomes. Below th e  g e n e r ic  
l e v e l  d i f f e r e n t i a t i o n  o f  ta x a  was n o t  a s s o c ia te d  w ith  changes i n  
chromosome s t r u c t u r e ,  b u t  was a p p a r e n t ly  due to  gene  m u ta tio n  a lo n e .
The c o n c lu s io n  above i s  v e ry  i n t e r e s t i n g .  I t  su g g e s ts  t h a t  
r e p ro d u c tiv e  i s o l a t i o n  i s  due  n o t  to  ra e io tic  d i f f i c u l t i e s  b u t  
p e rh a p s  in s te a d  to  such  e x te r n a l  m echanism s a s  s p a t i a l  i s o l a t i o n  o r  
d i f f e r e n c e s  i n  f lo w e rin g  t im e . The w ide  su c c e s s  o f  h y b r id iz a t io n  
b o th  i n  n a tu re  and i n  th e  a rb o re tu m  (W rig h t 1955) s u p p o r ts  th e  i d e a .
As a  f u r t h e r  t e s t ,  p o l le n  from  supposed  h y b r id s  sh o u ld  b e  in v e s t i g a t e d  
f o r  u n f i l l e d  g r a in s t  a  good i n d i c a t i o n ,  u s u a l ly ,  o f  m e io tic  
d is tu r b a n c e s  (B enson I 962 ) .  A bsence o f  u n f i l l e d  g r a in s  m igh t b e  
e x p e c te d  ( a s  i n  o a k s)  b e c a u se  o f  chromosome s i m i l a r i t y  b u t  i f  u n f i l l e d  
g r a in s  w ere p r e s e n t  th e  h y b r id  n a tu r e  o f  th e  in d iv id u a ls  s tu d ie d  would 
b e  more c e r t a i n .
The few P ic e a  g la u c a  i n  M isso u la  f lo w e r  a b o u t a  week e a r l i e r  
th a n  do es e i t h e r  P ic e a  nungens o r  P ic e a  e n g e lro an n ii.  T h is  o b s e rv a t io n
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m ust be  e v a lu a te d  w ith  th e  u n d e rs ta n d in g  t h a t  i t  i s  b ased  on a  
sm a ll sam ple o f  c u l t i v a t e d  t r e e s .
I t  i s  q u i te  c l e a r  t h a t  m ost s t u d i e s  o f  P ic e a  have depended 
h e a v i ly  on m o rp h o lo g ica l c h a r a c t e r s .  T h is  i s  a s  i t  sh o u ld  be  i f  one 
a c c e p ts  th e  im p l ic a t io n s  o f  th e  “nexus* and  * n o n s p e c i f ic i ty "  hypothe* 
s e s :  th e s e  c h a r a c te r s  a r e  good i n d i c a t o r s  o f  g e n e ra l  p o p u la t io n
q u a l i t y  and a r e  e a s i l y  m easured w ith o u t  tim e-consum ing  p r e p a r a t iv e  
w ork, so t h e i r  u s e  le a v e s  tim e  f o r  s tu d y  o f  o th e r  c h a r a c te r s  and  
more in d iv id u a ls .
The c h a r a c te r s  w hich can  b e  se e n  from  th e  ro ad  a r e  o f  l i t t l e  
v a lu e .  G ross form  o r  h a b i t  i s  so s u b je c t iv e  and so e a s i l y  m o d ified  
hy e n v iro n m en ta l c o n d i t io n s  t h a t  i t  i s  in a d m is s a b le ;  i t s  g e n e t ic  
m eaning c an n o t b e  r e a d .  T ree  c o lo r  seems to  b e  p a r t i c u l a r l y  m is­
le a d in g .  Those who u s e  c o lo r  a s  an  i d e n t i f y i n g  f e a t u r e  have shown o r  
s e n t  me sam ples o f  * b lu e  sp ru ce*  w hich w e re , i n  v a r io u s  c a s e s ,  P ic e a  
e n g e lm an n ii. P ic e a  g la u c a . o r  P ic e a  s i t c h e n s i s . A b e t t e r — though 
tr e a c h e ro u s — c h a r a c te r  f o r  r e c o g n i t io n  o f  P ic e a  nunaens from  th e  ro ad  
i s  th e  co m b in a tio n  o f  a  l e s s  a c u te  apex  th a n  i s  se e n  i n  P ic e a  g la u c a  
and P ic e a  en g e lm an n ii and a  p e c u l i a r  s igm oid  c u rv e  o f  th e  u p p e r 
b ra n c h e s : e s p e c i a l l y  i n  o ld e r  t r e e s  th e  u p p e r b ra n c h e s  le a v e  th e
tru n k  p o in t in g  upw ard, tu r n  o u t ,  and th e n  tu r n  up a g a in  a t  t h e i r  t i p s .  
V a r ia t io n  i n  b a rk  c h a r a c te r s  i s  a l s o  h a rd  to  d e s c r ib e .  The 
b a rk  i s  g e n e r a l ly  t h in  (a p p ro x im a te ly  0 .2 - 0 .5  in c h e s )  and s c a ly  
th ro u g h o u t th e  g e n u s , e x c e p t i n  o ld e r  i n d iv id u a l s  o f  th e  P ic e a  pungens 
ty p e ,  w here i t  te n d s  to  become r id g e d  and grow t h i c k e r  (3 /4 -1 ?  
i n c h e s ) .  T hroughout th e  g roup  th e r e  i s  a  ten d e n cy  f o r  young t r e e s
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to  form  r e s in  b l i s t e r s .  T hese seem to  b e  m ost common i n  t r e e s  
o f  th e  P ic e a  en gelm ann ii ty p e .  I t  i s  s a id  t h a t  th e  t r e e s  can  be 
s e p a ra te d  by b a rk  c o lo r*  P ic e a  pungens i s  g ra y , P ic e a  engelm ann ii 
i s  r e d d is h ,  and P ic e a  g la u c a  i s  g ray -b row n  to  s i l v e r  ( e . g .  P re s to n  
1940) ,  F u r th e r  s tu d ie s  w i l l  be  needed  to  d e te rm in e  to  w hat e x te n t  
b a rk  c h a r a c te r s  a r e  in f lu e n c e d  by  th e  env ironm en t and u n t i l  th e y  
a r e  made th e s e  c h a r a c te r s  w i l l  b e  o f  l i t t l e  u s e  to  th e  ta x o n o m is t. 
B l i s t e r s  may be  common i n  unshaded  b a rk ;  b o th  H orton  and I  have 
o b se rv ed  re d -b a rk e d  P ic e a  g la u c a  and g ra y -b a rk e d  P ic e a  e n g e lm a n n ii;
I  have n e v e r  seen  a  th ic k -b a rk e d  t r e e  o f  th e  P ic e a  g lau c a  o r  P ic e a  
en gelm ann ii ty p e .  The d i f f i c u l t y  o f  c o l l e c t i n g  a  number o f  a g e -  
dep en d en t c h a r a c te r s  from  one in d iv id u a l— though  " s ta n d  v a lu e s "  
m igh t be  e s t im a te d  i n  homogeneous s ta n d s — a ls o  re d u c e s  th e  u s e f u ln e s s  
o f  th e s e  c h a r a c te r s .
More u s e f u l  c h a r a c te r s  a r e  found  on th e  tw ig . H ere m a te r ia l  
o f  com parab le  ag e  can  be  found and much o f  i t  c o n s i s t s  o f  sm a ll 
d e te rm in a te  o rg an s  p ro b a b ly  show ing r e l a t i v e l y  l i t t l e  en v iro n m en ta l 
m o d if ic a t io n  b e ca u se  t h e i r  form  i s  d e te rm in e d  i n  th e  bud s ta g e  and 
t h ^  grow l i t t l e  a f t e r  i n i t i a t i o n .
One o f  th e  m ost d i s t i n c t i v e  c h a r a c te r s  o f  th e  genus P ic e a  i s  
th e  l i t t l e  p e g s , c a l l e d  " p u lv in i  o r  s t e r ig m a ta ,"  upon which th e  
n e e d le s  grow . Garmin (1957) and H orton  (1956) seem to  have been  
among th e  f i r s t  t o  s u g g e s t  t h a t  th e s e  m igh t v a ry  betw een p o p u la t io n s .  
They a g re e d  t h a t  the m ost u s e f u l  m easurem ents o f  t h i s  c h a r a c te r  a r e  
t h e  a n g le  o f  d iv e rg e n c e  and " s p re a d "  and t h a t  th e s e  c h a r a c te r s  a r e  
p ro b a b ly  r e l a t e d .  I  m easured  " sp re a d "  a lo n g  a  l i n e  p e rp e n d ic u la r  to
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th e  tw ig  a s  th e  d i s ta n c e  from  th e  o u te rm o s t p o in t  o f  l e a f  a t t a c h ­
ment to  th e  tw ig  s u r f a c e .  I  made t h i s  m easurem ent on s te r ig m a ta  
from  th e  u p per s id e  o f  th e  tw ig s  w ith  an  o c u la r  m ic ro m e te r u n d e r 
18X m a g n if ic a t io n . F ig u re  2 shows ny  r e s u l t s  i n  m il le m e te r s .  
S te r ig m a ta  le n g th  and a n g le  o f  d iv e rg e n c e  w ere  n o t  m easu red .
I  t r i e d  i n  v a in  to  f in d  d e s c r ib a b le  d i f f e r e n c e s  i n  s te r ig m a ta  
a rran g em en t.
One o f  th e  c h a r a c te r s  m ost u se d  i n  d i s c u s s io n s  o f  th e  
•N orthw est Complex* i s  p u b e sce n ce . W ith  a  d i s s e c t in g  m ic ro sco p e  
I  examined th e  second  and t h i r d  in te r n o d e s  f o r  p u b escen ce  b ecau se  
th e s e  a re a s  a r e  f u l l y  d ev e lo p ed  b u t  n o t  g r e a t l y  w e a th e re d . Twigs 
seemed to  f a l l  e a s i l y  i n to  one o f  th r e e  c l a s s e s :  p u b e s c e n t, s p a r c e ly
p u b e sc e n t, o r  g la b ro u s .  F ig u re  2 com bines th e  f i r s t  two c la s s e s  so 
two rem a in , p u b e sc e n t and  g la b ro u s .
T a y lo r  (1959) s p e c u la te s  t h a t  indumentum i s  c o n t r o l le d  by  a  
s in g le  p a i r  o f  genes w ith  p u b escen ce  b e in g  d o m in an t. T h a t pubescence  
i s  u n d e r  c lo s e  g e n e t ic  c o n t r o l  i s  su g g e s te d  by  th e  f a c t  t h a t  
p u b e sc e n t P ic e a  m arian a  grow in te r s p e r s e d  w ith  g la b ro u s  P ic e a  g la u c a  
and t h a t  p u b e sc e n t P ic e a  en g e lm an n ii seems to  rem ain  p u b e sc e n t 
w herever i t  grow s. T h a t i n h e r i t a n c e  o f  th e  q u a l i t y  may n o t  be  so 
s im p le  a s  T a y lo r  (1959) s u g g e s ts  i s  i n d ic a te d  th e  f a c t  t h a t  two 
ty p e s  o f  h a i r — g la n d u la r  and  n o n g la n d u la r— a re  d i s t in g u is h e d  by 
H orton  (1 9 5 6 ) . Two ty p e s  a r e  n o t  im m e d ia te ly  a p p a re n t  to  me.
Though I  have n o t  u se d  them , o th e r  tw ig  c h a r a c te r s  may be  
u s e f u l .  The d ia m e te r  o f  two y e a r  o ld  b r a n c h le t s  sh o u ld  be  m easured .
I  f e e l  r e l a t i v e l y  c e r t a i n  t h a t  i t  v a r i e s ,  a s  W rig h t (1955) sa y s  i t
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d o e s , betw een  p o p u la t io n s .  Though T a y lo r  (1959) has shown t h a t  l a r g e  
num bers o f  n e e d le s  m ust b e  m easured f o r  s i g n i f i c a n t  r e s u l t s ,  I  f e e l  
c e r t a i n  t h a t  i f  such  a  s tu d y  w ere  made, s i g n i f i c a n t  v a r i a t i o n  would 
b e  s e e n . )^y o b s e rv a t io n s  o f  n e e d le  l e n g th  s u p p o r t W r ig h t 's  (1955) 
r e p o r t  o f  " s h o r t*  i n  P ic e a  g la u c a . " lo n g "  i n  P ic e a  en g e lm a n n ii. and 
( s l i g h t l y )  " lo n g e r"  i n  P ic e a  p u n g en s. The s t i f f e r ,  more p o in te d  
n e e d le s  o f t e n  r e p o r te d  i n  P ic e a  pungens seem a ls o  to  b e  a r e l i a b l e  
i n d i c a t o r ;  th e s e  q u a l i t i e s  a r e ,  how ever, d i f f i c u l t  to  m easure  and 
seem to  be l e s s  d i s t i n c t  when th e  n e e d le s  a r e  sh ad ed . I  have n o t  
t e s t e d  Garm in*s (1957) c o n c lu s io n  t h a t  p o p u la t io n s  v a ry  i n  th e  number 
o f  s to m a ta l  rows on th e  u p p e r  l e a f  s u r f a c e .  He sa y s  t h a t  P ic e a  
en g e lm an n ii and P ic e a  g la u c a  have n in e  and sev en  row s, r e s p e c t iv e ly .
The bud c h a r a c te r s  l i s t e d  i n  A ppendix I I  may d e s e rv e  c lo s e r  a t t e n t i o n ;  
th e  s c a le s  o f  th e  P ic e a  en g elm an n ii ty p e  seem , f o r  exam ple, g e n e ra l ly  
to  be more re s in o u s  and  c lo s e ly  a p p re s s e d  th a n  do th e  s c a le s  o f  
e i t h e r  P ic e a  pungens o r  P ic e a  g la u c a .
P a r t l y  b ecau se  o f  tim e  l i m i t a t i o n s  and p a r t l y  b ecau se  o f  
H o r to n 's  (1956) d is c o u ra g in g  r e s u l t s ,  I  have n o t  s tu d ie d  th e  anatomy 
o f  t h e  tw ig s  and le a v e s .
G e n e tic  v a r i a t i o n  i s  w e l l  e x p re sse d  m o rp h o lo g ic a lly  i n  re p ro ­
d u c t iv e  s t r u c tu r e s  b e c a u se  grow th o f  th e s e  s t r u c tu r e s  a f t e r  t h e i r  
d i f f e r e n t i a t i o n  i s  l i t t l e — r e l a t i v e  to  t h a t  o f  v e g e ta t iv e  s t r u c tu r e s — 
and th e  e f f e c t  o f  e x te r n a l  env ironm en t i s  a t  a  minimum. A t l e a s t  
p a r t l y  f o r  t h i s  r e a s o n , r e p ro d u c t iv e  o rg a n s  a r e  o f t e n  u s e f u l  i n d ic a to r s  
o f  g e n e t ic  s t r u c t u r e  and  v a r i a t i o n  in  a  g ro u p .
S p ru c es  a r e  m onoecious; b o th  p o l l i n i f e r o u s  and o v u l if e ro u s
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cones a r e  b o rn e  on each  t r e e .  The p o l l i n i f e r o u s  s t r o b i l i ,  bo rne  
low  on th e  t r e e ,  c o n s i s t  o f  an  a x is  w ith  a  s p i r a l  o f  m ic ro sp o ro - 
p h y l l s  a t ta c h e d  to  i t .  Two m ic ro sp o ra n g ia  a r e  b o rn e  on th e  back  o f  
each  s p o ro p h y l l .  Because th e s e  s t r u c tu r e s  a r e  so f r a g i l e  and 
eph em era l, i t  i s  d i f f i c u l t  to  make a  mass c o l l e c t i o n  o f  them .
The c o lo r  o f  th e  m ale cone i s  o f te n  q u o ted  a s  a  d i f f e r e n t i a t i n g  
f e a t u r e .  I  d o u b t th e  g e n e r a l i t y  o f  s ta te m e n ts  ( e . g .  P re s to n  1 9 ^ )  
t h a t  th e  p u rp le  s t r o b i l u s  o f  P ic e a  en g elm an n ii d i s t in g u i s h e s  i t  from  
y e llo w  coned P ic e a  nungens and re d  coned P ic e a  g la u c a . I  c o l le c te d  
p u rp le  s t r o b i l i  from  each o f  th e  ty p e s .  Y ellow  s t r o b i l i  do seem to  
b e  l im i te d  to  P ic e a  pungens ( e . g .  n e a r  D u b o is , Wyoming).
The s i z e  o f  th e  p o l l i n i f e r o u s  s t r o b i l u s  seems to  be a  much 
b e t t e r  i n d i c a t o r  o f  p o p u la t io n  s t r u c t u r e .  I  found  t h a t  th e  m ale  cones 
o f  P ic e a  g la u c a  w ere  much s m a lle r  th a n  w ere th o s e  o f  e i t h e r  o f  th e  
o th e r  ty p e s ,  and t h a t  th e s e  w ere  o f t e n  s t a lk e d .
The fem ale  cones a r e  b o rn e  n e a r  th e  t r e e  to p .  I t  i s  s a id  
( e . g .  P re s to n  1940) t h a t  cones o f  P ic e a  g la u c a  and P ic e a  engelm ann ii 
f a l l  s h o r t l y  a f t e r  m a tu rin g  w h ile  th o s e  o f  P ic e a  pungens a r e  r e ta in e d  
one y e a r .  T h is i s  a p p a re n t ly  t r u e ,  b u t  s in c e  i t  i s  e a s i e r  to  se e  
th e  l a r g e r ,  l i g h t e r - c o l o r e d  cones o f  P ic e a  pungens i n  th e  t r e e  to p  
th a n  i t  i s  to  s e e  th o s e  o f  P ic e a  g la u c a  o r  P ic e a  e n g e lm a n n ii. one 
m ig h t be  m is le d  by c a s u a l  o b s e r v a t io n .
The o v u l i f e r o u s  s t r o b i l i  a l s o  c o n s i s t  o f  an  a x is  w ith  a  s p i r a l  
o f  u n i t s  a b o u t i t .  T hese u n i t s  a r e ,  u n l ik e  th o s e  o f  th e  m ale  cone, 
compound: each  i s  made up o f  a  b r a c t ,  su b te n d in g  th e  much l a r g e r
o v u l i f e r o u s  s c a l e .  Two o v u le s  a r e  b o rn e  on th e  u p p e r  s id e  o f  each
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cone s c a l e .
I  sam pled cone c h a r a c te r s  by choosing  f i v e  cones from  a  box 
c o n ta in in g  cones from  each  o f  f i v e  t r e e s  i n  a  s ta n d .  S in c e  I  chose  
cones to  r e p r e s e n t  th e  v a r i a t i o n  i n  th e  box , I  s u s p e c t  t h a t  i n  m ost 
c a s e s  each  cone sam pled r e p r e s e n ts  a  d i f f e r e n t  t r e e .  F o r m easurem ents 
o f  b r a c t s  and cone s c a le s  1 chose  f i v e  s c a le s  from  n e a r  th e  c e n te r  
o f  each  co n e . F ig u re  3 shows th e  c o n s ta n c y  o f  s c a le  shape n e a r  th e  
c e n te r  o f  th e  cone f o r  a  r e p r e s e n ta t iv e  o f  each ty p e .  (S ee  a ls o  
H orton  1956, Garmin 1957*) Cone q u a l i t y  i s  in d ic a te d  by  th e  a v e rag e  
v a lu e  f o r  each m easurem ent. F or a l l  v a lu e s  e x p re sse d  a s  r a t i o s  o r  
p ro d u c ts ,  th e  v a lu e s  w ere  c a lc u la te d  f o r  each  s c a l e ,  th e n  a v e ra g e d .
I n  each o f  th e  g rap h s  o f  c h a r a c te r  v a lu e s  i n  th e  rem a in d e r o f  
t h i s  s e c t io n  th e  v e r t i c a l  a x is  i s  th e  a x i s  o f  m easurem ent. On i t  a r e  
found  th e  v a lu e s  r e p r e s e n t in g  cone l e n g th ,  e t c .  S tan d s  a r e  a rra n g e d  
a lo n g  th e  h o r i z o n ta l  a x is  a c c o rd in g  to  th e  same num bering system  
u sed  i n  A ppendix I .  I n  each  c a se  th e  s ta n d s  to  th e  l e f t  (# 1 -2 5 ) 
r e p r e s e n t  th e  ta x o n  P ic e a  n u n g en s. th o s e  i n  th e  m id d le  (#26-114) 
r e p r e s e n t  th e  ta x o n  P ic e a  e n g e lm a n n ii. and th o s e  to  th e  r i g h t  (#115- 
135) r e p r e s e n t  P ic e a  g la u c a .  W ith in  t h i s  s u b je c t iv e  and im p e r fe c t  
c l a s s i f i c a t i o n  I  have  a r ra n g e d  th e  s ta n d s  a c c o rd in g  to  th e  s t a t e  i n  
w hich th e y  a r e  l o c a te d .  A ccord ing  to  t h i s  a rran g em en t th e  ta x o n  
P ic e a  Colum biana in c lu d e s  many o f  th e  s ta n d s  numbered 67-114 . T his 
o rd e r in g  o f  s ta n d s  i s  o n ly  f o r  th e  p u rp o se  o f  s tu d y in g  th e  c h a r a c te r s ;  
i t  i s  n o t  u se d  i n  th e  o r d in a t io n s  p r e s e n te d  l a t e r .
Both cone le n g th  and  cone w id th  v a ry  w i th in  th e  com plex.
H o rto n  (1956) f e l t  t h a t  t h e i r  v a r i a t i o n  was c lo s e ly  c o r r e l a t e d ,  th rew
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o u t  w id th  b e ca u se  i t  was d i f f i c u l t  to  m easu re , and d is c o u n te d  
l e n g th  b e ca u se  i t  v a r ie d  to o  l i t t l e .  Garmin (1 9 5 7 ) . to o ,  f e l t  
t h a t  le n g th  was a  p o o r  i n d i c a t o r  o f  v a r i a t i o n .
F ig u re  4 shows th e  v a r i a t i o n  i n  le n g th  o f  cones I  m easured . 
F ig u re  5 shows v a r i a t i o n  i n  cone w id th . Though v a r i a t i o n  i n  cone 
w id th  i s  more d i s c r e t e  and i s  th e r e f o r e  a  b e t t e r  c h a r a c te r ,  I  
have d e c id e d  to  u s e  cone le n g th  i n  i t s  s te a d  b e ca u se  o f  th e  p ro b a b le  
r e l a t i o n s h i p  betw een  cone w id th  and s c a l e  l e n g th ,
I  c o u ld  f in d  no d e s c r ib a b le  v a r i a t i o n  i n  th e  s p i r a l  o f  s c a l e s .  
H orton  (1956) found t h a t  b r a c t  shape  v a r ie d  from t r u n c a te  
th ro u g h  rounded  and a c u te  to  a c u m in a te . B ra c t sh ap e  was n o t  c o r r e ­
l a t e d  w ith  s c a l e  sh a p e . B ecause b r a c t  shape  seemed to  v a ry  a s  much 
w i th in  p o p u la t io n s  a s  be tw een  them , b e ca u se  i t  i s  so d i f f i c u l t  to  
m easure  a c c u r a t e ly ,  and b e ca u se  H orton  (1956) found  i t  to  be o f  
l i t t l e  v a lu e ,  I  d id  n o t  r e c o rd  i t s  v a r i a t i o n .
Both Garmin (1957) and H o rto n  (1956) found  v a r i a t i o n  i n  th e  
r a t i o  o f  b r a c t  l e n g th  to  s c a l e  le n g th  to o  sm a ll to  be o f  any v a lu e  
a s  an  i n d i c a t o r  o f  p o p u la t io n  q u a l i t y  i n  th e  P ic e a  g la u c a -P ic e a  
en g elm an n ii com plex. %r m easurem ents (F ig u re  6) l e d  me to  th e  same 
c o n c lu s io n . B ra c t l e n g th  a lo n e ,  how ever, v a r i e s  s u f f i c i e n t l y  to  be 
o f  some v a lu e  a s  a  f i e l d  c h a r a c t e r  and  o f  c o n s id e ra b le  v a lu e  a s  an  
i n d i c a t i o n  o f  v a r i a t i o n  (F ig u re  ? ) •
The o v u l i f e r o u s  s c a l e s  seem more f l e x i b l e  i n  t y p ic a l  P ic e a  
e n g e lm an n ii th a n  i n  e i t h e r  o f  th e  o th e r  t a x a .  C e r ta in ly  th e  b a se  o f  
m ost P ic e a  pungens s c a le s  i s  t h i c k e r  and more f ib r o u s  th a n  a r e  th e  
b a s e s  o f  s c a le s  i n  e i t h e r  o f  t h e  o t h e r  t a x a .  D i f f e re n c e s  i n  th e
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s c a le  apex  a r e  among th e  m ost w id e ly  u sed  c h a r a c te r s  i n  th e  com plex. 
S c a le s  o f  t y p i c a l  P ic e a  g la u c a  have an  e n t i r e ,  b ro a d ly  rounded o r  
t r u n c a te  ap ex , w h ile  s c a le s  o f  b o th  o th e r s  have a  n a rro w e r, o f te n  
e ro s e  o r  u n d u la te  t i p .  A b i f i d  t i p  seems to  b e  more o r  l e s s  c h a r a c te r ­
i s t i c  o f  th e  P ic e a  pun g en s.
One o f  th e  m ost v a r i a b le  f e a tu r e s  i n  th e  sp ru c e s  o f  th e  n o r th e rn  
R ock ies i s  th e  shape  o f  th e  cone s c a l e .  T hree v a r i a n t s  r e p r e s e n t in g  
P ic e a  p u n g en s. P ic e a  e n g e lm a n n ii. and P ic e a  g la u c a  a r e  shown i n  F ig u re  
8 .  S e v e ra l  m easurem ents can  be  made and many r e l a t i o n s h ip s  can  be 
c a lc u la te d  to  d e s c r ib e  t h i s  v a r i a t i o n ;  how many o f  th e s e  one u se s  
a s  c h a r a c te r s  depends upon th e  v iew  he  ta k e s  o f  th e  f a c to r s  c o n t r o l l in g  
th e  sh a p e .
S in n o t t  ( i 960 ) s u g g e s ts  th r e e  a s p e c ts  o f  form  w hich m igh t be  
i n h e r i t e d :  d im e n s io n s , r e l a t i o n s h i p  betw een d im e n s io n s , o r  th e  e n t i r e
p a t t e r n .  He d is c u s s e s  s e v e r a l  c a s e s  i n  w hich form  seems to  be d e t e r ­
m ined by  genes c o n t r o l l i n g  d im e n s io n s . I n  a  s tu d y  o f  f r u i t  shape  i n  
sq u ash es  and g o u rd s , h e  d e te rm in e s  th e  a s p e c t  i n h e r i t e d  by m easuring  
d im en sio n s and r a t i o s  betw een d im e n s io n s , g rap h in g  th e  r e s u l t s  and 
exam ining  f o r  th e  q u a l i t y  u n d e r  s h a r p e s t  c o n t r o l .  I n  th e  gourds 
s tu d ie d ,  th e  r a t i o s  w ere  more c lo s e ly  c o n t r o l le d  th a n  th e  d im ensions 
w e re . The id e a  t h a t  p a t t e r n  m ig h t be d e te rm in e d  fo llo w s  l o g i c a l l y .
I n  th e  s p ru c e s  s tu d ie d ,  sh o u ld  th e  cone s c a le  shape b e  u sed  
a s  one c h a r a c t e r  d e te rm in e d  by a  • p a t t e r n  g en e ,*  a s  fo u r  ( o r  more) 
c h a r a c te r s  d e te rm in e d  by  d im en sio n  g e n e s , o r  a s  many c h a r a c te r s  
d e te rm in e d  by  " r e l a t i o n s h i p  genes*? S in n o t t* s  ( I 96O) method o f  
t r y in g  to  r e c o g n iz e  w hich a s p e c t s  a r e  u n d e r  s h a r p e s t  g e n e t ic  c o n tr o l
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b rea d th , d) the  d is tan ce  from the s c a le 's  t i p  to  th e  o u ter t i p  o f  th e  im p rin t o f  th e  seed , 
d ' )  seed le n g th .
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seems to  p ro v id e  th e  b e s t  a t t a c k  f o r  f in d in g  a  t e n t a t i v e  answ er.
T h a t th e  form  o f  a  cone s c a l e  i s  u n d e r  c lo s e  g e n e t ic  c o n tr o l  
i s  a lm o s t u n d e n ia b le .  T ree s  p la n te d  u n d e r  d i f f e r e n t  c o n d it io n s  
r e t a i n  th e  q u a l i t i e s  a s s o c ia te d  w ith  th e  p a r e n t  p o p u la t io n s .  T hat 
th e  d i f f e r e n c e s  i n  form  a r e  d e te rm in e d  by a  r e l a t i v e l y  sm a ll number 
o f  genes i s  l e s s  c e r t a i n ,  b u t  p ro b a b le  s in c e  members o f  a genus— 
and e s p e c i a l l y  c lo s e ly  r e l a t e d  members o f  a  genus— have th e  g r e a t e s t  
p a r t  o f  t h e i r  g e n e t ic  s t r u c t u r e  i n  common.
F ig u re  9 shows t h e  v a r i a t i o n  found  i n  s c a le  w id th . T hree 
b re a d th  c l a s s e s  may be se en  c o rre sp o n d in g  to  P ic e a  n u n a a is  ( th e  
w id e s t ) , m ost P ic e a  en g e lm an n ii and P ic e a  g la u c a  ( t h e  n a rro w e s t)  and 
an  in te r m e d ia te  c o n d it io n  found  i n  th e  P ic e a  en g e lm an n ii p o p u la t io n s  
o f  th e  S o u th , As i t  i s  h a rd  to  im ag in e  such  d i s c r e t e  e n v iro n m en ta l 
v a r i a t i o n ,  i n h e r i t a n c e  o f  a  f a c t o r  p a i r  w ith  no dom inance i s  sug­
g e s te d ,  You w i l l ,  p e rh a p s , a p p r e c ia te  t h i s  s u g g e s t io n  more when you 
s e e  how c lo s e ly  th e  in te r m e d ia te  s t a t e  o f  t h i s  c h a r a c te r  (and  o f  
th e  le n g th  c h a r a c te r s  t o  be d is c u s s e d  n e x t)  a r e  c o r r e l a t e d  w ith  th o se  
s ta n d s  w hich a r e  p ro b a b ly  o f  h y b r id  o r i g i n .
T here  a r e  im p r in ts  o f  th e  seed  ( in c lu d in g  b o th  i t s  body and 
w ing) on  th e  u p p e r  s u r f a c e  o f  each  s c a l e .  These do n o t seem to  
c o rre sp o n d  e x a c t ly  to  th e  t o t a l  seed  le n g th ;  expansion  o f  th e  seed  
wing seems to  ta k e  p la c e  s h o r t l y  b e fo r e  sh e d d in g . V a r ia t io n  i n  th e  
le n g th  o f  th e  se e d  im p r in t  i s  shown i n  F ig u re  10. Though v a r i a t i o n  
i s  n o t  so  d i s c r e t e ,  I  f e e l  t h a t  th r e e  c la s s e s  can be  rec o g n ize d  i n  th e  
P ic e a  p u n g e n s -P ic e a  en g e lm a n n ii com plex ( t o  th e  l e f t  o f  c e n te r  i n  
F ig u re  10) c o rre sp o n d in g  to  th e  t h r e e  s c a l e  b re a d th  c l a s s e s .  The
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Figure 1 0 . V a ria tio n  in  th e  le n g th  o f  th e  seed im p rin t. H o rizon ta l a x is :  popu la tions a re  arranged a s  ini t *
Appendix I .  Vertical axis : lengths are given for individuals representative o f  each
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p o s s i b i l i t y  t h a t  th e s e  c h a r a c te r s  a r e  r e l a t e d  by “d ev elo p m en ta l 
c o r r e l a t io n "  i s  q u i t e  l i k e l y .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  
s l i g h t  in c r e a s e  i n  seed  p r i n t  le n g th  betw een  P ic e a  en g elm an n ii and 
P ic e a  g la u c a  ( t o  th e  r i g h t  o f  c e n te r  i n  F ig u re  10) i s  c o r r e la te d  
w ith  a  s l i g h t  in c r e a s e  i n  s c a l e  w id th .
The d i s t a n c e  betw een  th e  sc a le *  s  b a se  and i t s  w id e s t  p o in t  
i s  shown i n  F ig u re  11 • W ith  some im a g in a t io n  one m igh t f in d  th r e e  
s i z e  c l a s s e s  h e re  a l s o ,  b u t  t h i s  t r a i t  seems to  be  u n d e r lo o s e r  
c o n tro ls  i t  may be  in f lu e n c e d  to  a  g r e a t e r  d e g re e  by o th e r  genes o r  
by  th e  e x te r n a l  e n v iro n m en t.
The sc a le *  s  l e n g th  (F ig u re  12) f a l l s  i n to  fo u r  n ic e ly  d e f in e d  
c la s s e s *  a  s h o r t  n o r th e r n  low  a l t i t u d e  ty p e ,  a  lo n g e r  h ig h  a l t i t u d e  
ty p e ,  an  in te r m e d ia te  betw een th e s e  tw o, and a  lo n g  so u th e rn  low  
a l t i t u d e  ty p e ,  A f i f t h  c l a s s  may be  sem i a s  th e  s h o r t e r  p a r t  o f  
th e  lo n g e s t  s c a l e  ty p e .  T h a t th e  s c a l e  le n g th s  g r e a t e r  th a n  0 .7  
in c h  a r e  r e a l l y  o f  two c la s s e s  may a ls o  b e  se en  i n  F ig u re  14 and m ost 
c l e a r l y  i n  F ig u re  13* w hich shows th e  fre q u e n c y  d i s t r i b u t i o n s  o f  
“a , "  **^,“ and  " d ."  Such v a r i a t i o n  s u g g e s ts  c o n t r o l  o f  two f a c to r  
p a i r s  w ith o u t  dom inance.
The d i s ta n c e  from  th e  t i p  o f  th e  seed  w ing*s p r i n t  to  th e  
s c a le  t i p  (F ig u re  14) i s  an  exarqple o f  a  c h a r a c te r  showing " p a r t i a l  
l o g i c a l  c o r r e l a t i o n "  (S o k a l and S n ea th  I 963 ) to  s c a le  len g th *  an 
i n c r e a s e  i n  th e  l e n g th  “d** b r in g s  a b o u t an  a u to m a tic  in c r e a s e  i n  
s c a l e  le n g th  ( " a " )  i f  se ed  le n g th  i s  c o n s ta n t  o r  r e l a t i v e l y  c o n s ta n t .  
I n  t h i s  c a s e  we know t h a t  seed  le n g th  shows a  s l i g h t  v a r i a t i o n  
(F ig u re  1 0 ) , t h a t  i t s  v a r i a t i o n  i s  n o t  n e a r ly  a s  g r e a t  a s  t h a t  o f
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F igu re  1 1 . V a ria tio n  in  th e  d is tan ce  between th e  s c a le r s  base and i t s  b ro ad est p o in t .  H o rizo n ta l a x is ;  as
in  Fig. 10. Vertical axis; measurements are given in  inches for representative individuals o f  each.
FIGURE 12
V a r ia t io n  i n  s c a le  le n g th .  H o r iz o n ta l  a x is ;  p o p u la t io n s  a r e  a rra n g e d  
a s  i n  Appendix I .  V e r t i c a l  a x is ;  s c a le  le n g th s  a r e  g iv en  i n  in c h e s  
f o r  r e p r e s e n ta t iv e  in d iv id u a ls  o f  each .
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FIGURE 13
F req u en cy  d i s t r i b u t i o n  f o r  th r e e  m easurem ents i n d i c a t i v e  o f  s c a l e  
l e n g th .  On th e  h o r i z o n ta l  a x is  a r e  t h r e e  s c a l e s ,  one  f o r  each  o f  
t h r e e  g ra p h s  (A , B, and C ): th e  f i r s t  g iv e s  r a t i o s ;  th e  o t h e r  two 
g iv e  in c h e s .  On th e  v e r t i c a l  a x is  one  in c h  r e p r e s e n t s  tw e n ty  
i n d iv i d u a l s .  *A" shows th e  f re q u e n c y  o f  r a t i o  c l a s s e s  f o r  t h e  r a t i o  
o f  th e  d i s t a n c e  betw een th e  s c a l e  t i p  and th e  o u t e r  t i p  o f  th e  se e d  
im p r in t .  shows th e  f re q u e n c y  o f  s c a l e  l e n g th  c l a s s e s .  *0*
shows t h e  f re q u e n c y  o f  c l a s s e s  o f  t h e  d i s t a n c e  be tw een  th e  s c a l e  t i p  
and  th e  o u te r  t i p  o f  th e  se ed  im p r in t  ( c f .  F ig u re s  15# 12 , an d  1 4 ) , 
I n  each  (A , B, and  C) th e  lo w e s t  g rap h  in c lu d e s  a l l  i n d i v i d u a l s  i n  
th e  f i r s t  s e v e n ty  s ta n d s ;  i n  *A" and  *C" th e  u p p e r  g ra p h s  i n c lu d e  
th e  re m a in d e r w h ile  i n  "B** th e  rem a in d e r  i s  d iv id e d  i n t o  two 
g ro u p s a t  s ta n d  100 ( o f .  A ppendix  I ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(X3
O VS
vs
vO
CO
„  , 5 - 1
___________ __
c
-
<VI
o
mo
o
m  , •O
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
• • • •  * #
*•»•* # 4
•O
-P
-P
■H
1*0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
s c a l e  l e n g th ,  and  t h a t  t h i s  v a r i a t i o n  i s  in d e p e n d e n t o f  v a r i a t i o n  i n  
s c a le  l e n g th .  The b e s t  exam ple o f  th e  in d ep en d en ce  o f  v a r i a t i o n  i n  
s c a le  le n g th  and  se e d  l e n g th  i s  se e n  i n  F ig u re s  14 and 15, S tan d s 
6 0 -8 0 , w here th e  r a t i o  becomes l a r g e r  due  to  d e c re a s e  i n  seed  le n g th .
T h a t th e  v a r i a t i o n  i n  th e  le n g th  and w id th  c h a r a c te r s  i s  
in d e p e n d e n t i s  su g g e s te d  by  two f a c t s :  1) com parison  o f  F ig u re s  9#
10, and 16 shows t h a t  le n g th  and  w id th  a r e  more c lo s e ly  c o n tr o l le d  
th a n  i s  th e  r e l a t i o n s h i p  betw een them . 2) com parison  o f  F ig u re s  9 
and 10 o r  15 and 9 shows t h a t  th e  q u a l i t i e s  d e te rm in ed  a r e  s e le c te d  
f o r  d i f f e r e n t i a l l y  and m ust t h e r e f o r e  be  d i f f e r e n t i a l l y  d e te rm in e d .
I  su g g e s t t h a t  s c a l e  m orphology may be i n t e r p r e t e d  i n  th e  
fo llo w in g  m anner. The • b a s i c ” shape— n o t n e c e s s a r i l y  th e  p r im i t iv e  
shape—m ig h t b e  o b o v a te - t r i i n g u la r ,  such  a s  i s  found i n  P ic e a  g la u c a . 
V a r ia t io n  from  t h i s  shape  seems to  b e  c o n tr o l le d  i n  d i s c r e t e  u n i t s  
p o s s ib ly  r e p r e s e n t in g  th e  e f f e c t s  o f  th r e e  f a c t o r  p a i r s  w ith o u t 
dom inance. One d i r e c t i o n  o f  m o d if ic a t io n  i s  th e  in c r e a s e  i n  
•c o a rse n e s s*  o f  th e  b a s ic  u n i t  i t s e l f :  P ic e a  pungens has g r e a t e r
s c a l e  w id th , g r e a t e r  f r u i t  l e n g th ,  g r e a t e r  b a se  to  b re a d th  d is ta n c e  
and g r e a t e r  th ic k n e s s .  The o th e r  ty p e  o f  m o d if ic a t io n  i s  tow ard 
in c r e a s e  i n  le n g th  o f  t h a t  l i p  ”d ” by w hich s c a le  le n g th  exceeds 
se ed  l e n g th .
F o r  d e s c r i p t io n  o f  th e  p o p u la t io n s  s tu d ie d ,  I  have chosen 
w id th  a s  t h e  b e s t  i n d i c a t o r  o f  • c o a r s e n e s s .” The r a t i o  o f  th e  seed  
t i p  to  s c a l e  t i p  l e n g th  to  t o t a l  s c a l e  le n g th  seems to  be th e  b e s t  
i n d i c a t o r  o f  th e  • l e n g th ” q u a l i t y ,  so  I  have u se d  t h i s  r a t i o ,  a lth o u g h  
e i t h e r  t o t a l  s c a l e  l e n g th  o r  ”le n g th  from  se ed  t i p  to  s c a le  t i p ”
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7D
CD■D
OQ.
C
3Q.
■D
CD
C /)
o'3
O
8
(O'
3.
3"
CD
CD■D
OQ.C
a
o
3
■D
O
CD
Q.
■D
CD
C /)
C / )
VA
100
Figiire 15* V aria tio n  in  th e  r a t i o  o f th e  d is tan ce  between the  o u te r t i p  o f th e  seed im p rin t and th e  s c a l e 's
t i p .  H orizon ta l a x is :  popu la tions are  arranged as in  Appendix I ,  V e r tic a l  a x is :  the  r a t i o s  a re  
given fo r  re p re se n ta tiv e  in d iv id u a ls  o f  each .
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would probably be a b e t t e r  key ch a ra cter  than t h i s  r a t io  because th ey  
a r e  d i r e c t ly  measured and show a s im ila r  v a r ia t io n  p a tte r n . I  have 
added th e  seed  le n g th , a t  th e  r is k  o f  w eigh tin g  s c a le  q u a l ity ,  
because t h i s  ch a ra cter  shows a t  l e a s t  some independence in  v a r ia tio n *  
i t  shows v a r ia t io n  between th e  P icea  eneelm annii and P icea  g lauca  
ty p es shown o n ly  f a i n t l y  by th e  r e la te d  ( I  b e l ie v e )  ch a ra cters w idth  
and p o s i t io n  o f  th e  b road est p o in t  and, a s p r e v io u s ly  d is c u s se d , i t s  
v a r ia t io n  a f f e c t s  th e  measurement o f  th e  le n g th  •se e d  t ip  to  s c a le  
t i p ” and th e  v a lu e  o f  th e  r a t io  o f  th a t  q u a n tity  to  t o t a l  le n g th .
•T erp en o id s” a re  a l l  th o se  compounds b u i l t  o f  iso p ren e  
(c=oG=c) u n i t s  r e g a r d le s s  o f  fu n c t io n a l groups. S in ce  chem ical 
p r o p e r tie s  are  u s u a lly  a s s o c ia te d  w ith  fu n c t io n a l groups, th e  group 
has a b io s y n th e t ic  and s tr u c tu r a l u n ity  r a th er  than a fu n c t io n a l or  
chem ical u n ity . The hydrocarbon terp en o id s a re  c a l le d  •terp en es^ ;  
due to  absence o f  fu n c t io n a l groups t h i s  c la s s  has both chem ical 
and s tr u c tu r a l u n ity  (T . Robinson 1 9 63 ).
F ig u re  17 in d ic a t e s  some o f  th e  im p o rtan c e  and  d i v e r s i t y  o f  
th e  te r p e n o id s .  I t  a l s o  sum m arizes th e  m ain s te p s  o f  te rp e n e  
s y n th e s is *  1) s y n th e s i s  o f  d e l t a - 3  i s o p e n te n y l  p y ro p h o sp h a te  
2 ) p o ly m e r iz a tio n  o f  d e l t a - 3 i s o p e n te n y l  p y ro p h o sp h a te  3) head  to  
t a i l  d im e r iz a t io n  4 )  c y c l i s a t i o n  and 5 ) th e  f i n a l  s t e p s  o f  o x id a t io n ,  
r e d u c t io n  o r  re a rra n g e m e n t (R ic h a rd s  and  H en d rick so n  1964),
I t  appears th a t  every l iv in g  organism  s y n th e s iz e s  some 
te r p e n e s . The hundreds o f  d i f f e r e n t  terp en es found in  p la n ts  
p rob ab ly  r e s u l t  from e v o lu tio n a ry  m o d if ic a t io n s  o f  a  prim eval 
m evalon ic a c id  pathway. The a d a p tiv e  im portance o f  th e se  m o d ifica tio n s
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Figure 1 7 , I n  o u tlin e  o f th e  pathways hy idiich soas cosmon te rp en es  a re
modification
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g ib h e r e l l ic  a c id  
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i s  n o t  c l e a r .  P o s s ib ly  some o f  th e  compounds a r e  dumps f o r  
e x c e ss  a c e t a t e  (T . R obinson I 9 63 ) .  P o s s ib ly  th e  lo w e r t e r p e n o id s ,  
a t  l e a s t ,  have a  g r e a t e r  e c o lo g ic a l  ( ♦'secondary**) th a n  p h y s io lo g ic a l  
( ♦ 'prim ary*) im p o rta n c e ; many i n h i b i t  th e  grow th  o f  com peting p l a n t s  
o r  r e p ^  fo ra g in g  a n im a ls  (G . S . F ra e n k e l 1959 and R ich a rd s  and 
H en d rick so n  19 6 4 ).
The w ide  and s p o ra d ic  d i s t r i b u t i o n  o f  th e  lo w e r te rp e n e s  
among p l a n t s  s u g g e s ts  t h a t  th e s e  compounds m igh t p ro v id e  u s e f u l  
taxonom ic c h a r a c t e r s .  The u s e f u ln e s s  o f  th e s e  compounds i n  o th e r  
g e n e ra  o f  th e  P in a c e a e  h as  been  d e m o n s tra te d  by  K irov  ( I96 I ) i n  
P in u s  and  Z a v a r in  ( I 965 ) i n  A b ie s .
S m all b l i s t e r s  o c c u r  on th e  b a rk  o f  o c c a s io n a l  young t r e e s .  
T h e ir  c a u se  and f u n c t io n  a r e  unknown. Balsam s s u i t a b l e  f o r  te rp e n e  
a n a ly s i s  may b e  c o l l e c t e d  by p u n c tu r in g  th e s e  b l i s t e r s  w ith  a  n e e d le  
and sq u eez in g  t h e  m a te r i a l  i n to  a  v i a l .  To re d u c e  o x id a t io n ,  I  
c o m p le te ly  f i l l e d  th e  v i a l s  and  r e f r i g e r a t e d  them . A l t e r n a t iv e ly ,  
when b l i s t e r s  w ere p a r t i c u l a r l y  s c a r c e ,  I  removed sm a ll  p ie c e s  o f  
b a rk  in c lu d in g  b l i s t e r s ,  w rapped th e s e  n a tu r a l  c o n ta in e r s  i n  p o ly ­
e th y le n e  f o i l ,  and r e f r i g e r a t e d  them .
F o r a  more c o m p le te  s tu d y  o f  sp ru c e  te r p e n e s ,  a  d i f f e r e n t  
m ethod o f  c o l l e c t i n g  b a lsam s ( e . g .  s team  d i s t i l l a t i o n  o f  th e  n e e d le s )  
sh o u ld  p ro b a b ly  b e  u se d  b e c a u se  b l i s t e r s  a r e  so  s c a r c e .  I  was a b le  
to  f i n d  b l i s t e r s  i n  o n ly  one  s ta n d  o f  P ic e a  p u n g en s: b l i s t e r s  w ere  
a ls o  d i f f i c u l t  to  f in d  i n  P ic e a  g la u c a . w h ile  i n  m ost P icea  
en g e lm an n ii s ta n d s  one c o u ld  f in d  a t  l e a s t  a  few b l i s t e r e d  in d iv id ­
u a l s .
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V apor p h a se  ch rom atography  o f  b a lsam s ta k e n  from  se v e n ty -  
s i x  t r e e s  gave th e  r e s u l t s  p re s e n te d  i n  A ppendix I I I ,  I  d id  t h i s  
work a t  th e  B e rk e ley  F o r e s t  P ro d u c ts  L a b o ra to ry , U n iv e r s i ty  o f  
C a l i f o r n i a ,  u n d e r  th e  d i r e c t i o n  o f  D r. Eugene Z a v a r in . The 
in s t ru m e n ts  u se d  w ere  two W ilkens A erograph H iF i* s  ( ^ d e l  6000) 
w ith  Brown-Honeywell E le c t ro n ic k  r e c o r d e r s .  Each had  a  I / 3  in c h  
X 5*5 f o o t  co p p er colum n packed  w ith  b e ta  b e ta  o x y d ip r o p io n i t r i t e  
(2 0 ^ ) on a c id  w ashed chromo so rb  W 6O/8 O. The column te m p e ra tu re  
was 64°C. The m o b ile  p h a se  was n i t r o g e n  i n  th e  f i r s t  m achine and 
hydrogen  i n  th e  second ; i n  each  th e  flo w  r a t e  was 20 m l/m in .
The am ount o f  ba lsam  i n j e c t e d  was sm a ll ( 0 .1 - 0 .2  lam b d a).
I t  was d i l u t e d  w ith  a  s i m i l a r  amount o f  e th e r  to  f a c i l i t a t e  i n j e c t i o n  
and q u ic k  v a p o r iz a t io n .  The i n j e c t i o n  te m p e ra tu re  was 80°C. The 
e th e r  c o n ta in e d  no im p u r i t i e s  w hich showed when i t  was ru n  a lo n e .
I d e n t i f i c a t i o n  o f  th e  te r p e n e s  was made by com paring th e  
r e l a t i v e  r e t e n t i o n  volum e v a lu e s  w ith  th o s e  o f  a u th e n t ic  sam ples ru n  
on th e  same columns u n d e r  t h e  same c o n d i t io n s .  The p e rc e n t  composi­
t io n  was c a lc u la t e d  from  th e  r e l a t i v e  w e ig h ts  o f  cu rv e s  c a r e f u l ly  
c u t  o u t  o f  th e  r e c o r d e r  c h a r t .  T hese r e s u l t s  a r e  re c o rd e d  i n  
A ppendix I I I .
The sp ru c e  b a lsam s a n a ly z e d  c o n ta in e d  te n  m ono terpenes. T h e ir  
s t r u c t u r e s  a r e  g iv e n  i n  F ig u re  18 w ith  a p ro b a b le  s y n th e t ic  schem e. 
Two f i v e  carb o n  u n i t s  a r e  jo in e d  to  make g e ra n y lp y ro p h o sp h a te , th e  
m onoterpene p r e c u r s o r .  H y d ro ly s is  o f  th e  p y ro p h o sp h a te  e s t e r  y ie ld s  
a p o s i t i v e l y  ch a rg ed  io n .  I f  t h i s  in te r m e d ia te  i s  c o n s id e re d  i n  a  
n o n c la s s ic a l  s e n s e , l o s s  o f  a  hydrogen  io n  y i e l d s  th e  b ic y c le
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d e l t a - 3  c a re n e . I f  th e  in te r m e d ia te  i s  c o n s id e re d  i n  th e  c l a s s i c a l  
s e n s e ,  l o s s  o f  a hydrogen  io n  and  d o u b le  bond fo rm a tio n  p ro d u ces  th e  
open  c h a in  compound m yrcene. The c l a s s i c a l  in te r m e d ia te  may a ls o  
c y c l iz e  to  form  a  second  in te r m e d ia te  w hich i s  tra n s fo rm e d  to  m ost 
o f  th e  rem a in in g  te rp e n e s  by r e a c t io n s  an a lo g o u s to  th e  W agner- 
M eerwein r e a c t io n  ( i n  H+)* T h is  r e a c t io n  "may be p ic tu r e d  a s  
r e s u l t i i ^  from  th e  a d d i t io n  o f  a  hydrogen  io n  to  a  d o u b le  bond to  
form  a  carbonium  io n .  E le c tro n s  from  a n o th e r  p a r t  o f  th e  m o lecu le  
a r e  a t t r a c t e d  to  th e  p o s i t i v e l y  ch arg ed  ca rb o n  atom  and a  new bond 
i s  form ed w ith  e l im in a t io n  o f  a  hydrogen  io n  o r  a d d i t io n  o f  a 
n e g a t iv e  io n ?  (R ob inson  1963)* I n te r c o n v e r s io n  o f  te rp e n e s  may 
a ls o  b e  p o s s ib le  tgr such  a  m echanism . A more com plex rea rran g e m en t 
i s  r e q u i r e d  to  c o n v e r t  b o m e o l  to  cam phene. R ic h a rd s  and 
H en d rick so n  (1964) speak  o f  t h i s  r e a c t i o n  a s  " w e ll  a u th e n t ic a te d  in  
te rp e n e  c h e m is try ,"  T h a t b o rn e o l m igh t in d e e d  b e  an in te rm e d ia te  i n  
camphene s y n th e s is  i s  a ls o  i n d ic a te d  by  th e  a p p ea ra n c e  o f  i t s  e s t e r ,  
b o rn y l a c e t a t e ,  i n  d iv e r s e  p in e s .
The r e s u l t s  o f  t h e  te rp e n e  a n a ly s i s  a r e  h a rd  to  i n t e r p r e t  ^ e n  
th e y  a r e  t a b u la te d  i n  th e  c o n v e n tio n a l  form  (A ppendix  I I I ) ;  
" C o n s is te n t  r e s u l t s "  such  a s  m ine seem to  be  a n y th in g  b u t c o n s i s t e n t .  
Bar g rap h s  such  a s  th o s e  i n  F ig u re  19 show th e  r e l a t i o n s h i p s  betw een 
compounds more c l e a r l y .  I n  t h i s  f i g u r e  th e  b a r s  r e p r e s e n t  ( l e f t  to  
r i g h t )  a lp h a  p in e n e , cam phene, b e ta  p in a n e ,  d e l t a - 3  c a re n e , s a b in e n e , 
a lp h a  p h e l la n d r e n e ,  m yrcene, lim o n e n e , b e ta  p h e l la n d re n e ,  and 
te r p in o le n e .  The amount o f  one te rp e n e  r e l a t i v e  to  o th e r  te rp e n e s  
i s  more Im p o rta n t i n  d i s t i n g u i s h in g  ta x a  th a n  i s  th e  amount o f  t h a t
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FIGURE 19
The m onoterpene c o n te n t  o f  P ic e a  b a lsam s. Ten m ono terpenes a p p e a r . 
(S ee  A ppendix I I I . )  The b a r s  r e p r e s e n t in g  a lp h a  p in e n e , cam phene, 
b e ta  p in e n e  and d e l t a - 3  c a re n e  ( i n  t h a t  o r d e r )  form  th e  f i r s t  u n i t  
o f  th e  g ra p h . The second u n i t  i s  form ed by th r e e  b a r s  r e p r e s e n t in g  
m yrcene, lim o n en e , and b e ta  p h e lla n d re n e  ( i n  t h a t  o r d e r ) .  The 
numbers r e f e r  to  th o s e  i n  Appendix I I I  and  show w hich t r e e s  I  f e l t  
had " f in g e r p r in ts "  s im i l a r  enough to  a v e rag e  to  g e t  th e  v a lu e s  u se d  
h e re .  The denom inato r o f  each  f r a c t i o n  shows how many in d iv id u a ls  
w ere sam pled i n  t h a t  s ta n d ;  th e  n u m era to r t e l l s  how many w ere 
a v e rag ed  to  g e t  th e  v a lu e  on th e  g ra p h . The l e f t  column r e p r e s e n ts  
t r e e s  in te rm e d ia te  betw een P ic e a  g la u c a  and P ic e a  e n g e lm a n n ii. The 
r i g h t  column shows t r e e s  r e p r e s e n ta t iv e  o f  th e  s p e c ie s  l a b e l .
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t e r p e n e  r e l a t i v e  t o  t o t a l  te rp e n e  re c o v e ry . T hus, though q u a n t i ty  
v a r i e s  c o n s id e r a b ly ,  you w i l l  n o te  t h a t  P ic e a  g la u c a  and P ic e a  
e n g e lm an n ii may b e  d i s t in g u i s h e d  by th e  *hump* form ed by  th e  
m yrcene, lim o n e n e , and  b e ta  p h e lla n d re n e  b a rs  o f  P ic e a  g lau c a  
and  th e  "cup* form ed by  th e  c o rre sp o n d in g  b a rs  o f  P ic e a  e n g e lm a n n ii. 
Though P ic e a  pungens c a n n o t be  d i s t in g u is h e d  from  P ic e a  g la u c a  on 
th e  b a s i s  o f  th e s e  t e r p e n e s , th e  s t a i r s t e p  p a t t e r n  shown by P ic e a  
s i t c h e n s i s  may b e  c h a r a c t e r i s t i c  o f  t h a t  s p e c ie s .  P ic e a  pungens can 
b e  d i s t in g u i s h e d  from  P ic e a  g la u c a  by  i t s  s m a ll ,  b u t  e v e rp re s e n t ,  
d e l t a - 3  c a re n e  c o n te n t ;  i t  can  a p p a r e n t ly  be  d i s t in g u is h e d  from  any 
o f  th e  o th e r  t h r e e  ta x a  by i t s  h ig h  c o n te n t  o f  a lp h a  p in e n e  r e l a t i v e  
to  b e ta  p in e n e .
P re l im in a ry  work w ith  p h e n o lic  compounds s u g g e s ts  t h a t  th e s e  
m igh t be  a s  u s e f u l  a s  t h e  te r p e n e s .
I  have e x p la in e d  how I  ch o se  a  s e t  o f  c h a r a c te r s  i n  te rm s o f  
w hich th e  sp ru c e  p o p u la t io n s  c o u ld  b e  d e s c r ib e d  and d is c u s s e d  each 
o f  them  b r i e f l y .  I  ch o se  o n ly  v a r i a b le  c h a r a c te r s  b ecau se  I  w anted 
to  s tu d y  v a r i a t i o n  w i th in  th e  genus and w i th in  th e  complex r a t h e r  th a n  
th e  r e l a t i o n s h i p  o f  th e  genus to  o th e r  p l a n t s .  I  t r i e d  to  choose 
c h a r a c te r s  u n d e r  c lo s e r  g e n e t ic  th a n  e n v iro n m en ta l c o n tro l  b e ca u se  
I  w anted  to  s tu d y  th e  g e n e t ic  s t r u c t u r e  o f  th e  p o p u la t io n  r a t h e r  th an  
■Uie e n v iro n m en ta l e f f e c t s  on p h e n o ty p e s , I  c i t e d  th e  "nexus* and 
" n o n s p e c i f ic i ty *  h y p o th e se s  to  s u g g e s t  # i a t  th e  m eaning o f  a  s tu d y  
based  on th e s e  c h a r a c te r s  m ig h t b e , and  I  n o te d  t h a t  a  c l a s s i f i c a t i o n  
b ased  on one  g roup  o f  c h a r a c t e r s  m igh t be  e v a lu a te d  by  t e s t i n g  i t s  
cong rua io e  w ith  a  c l a s s i f i c a t i o n  b a sed  on a n o th e r  g roup o f  c h a r a c te r s .
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No a t te m p t  w i l l  be  made i n  th e  d e s c r ip t io n  o f  s ta n d s  to  s y n th e s iz e  
a l l  th e  c h a r a c te r  m easurem ents i n to  a  s in g l e  s ta te m e n t  o f  s ta n d  
q u a l i t y .  We w i l l  c o n s id e r  th e  s ta n d  d e s c r ip t io n  to  c o n s i s t  o f  
s e v e r a l  s ta te m e n ts  o f  c h a r a c te r  s t a t e  and p ro ce ed  to  d e s c r ib e  th e  
v a r i a t i o n  p a t t e r n .
C. C hoice  o f  Method f o r  D e s c r ib in g  V a r ia t io n .
A s tu d y  o f  v a r i a t i o n  i s  a  s tu d y  o f  s i m i l a r i t i e s  and d is s im i­
l a r i t i e s ,  A s e r i e s  o f  phenom aia d i f f e r i n g  i n  one q u a l i t y  o n ly  m igh t 
be e a s i l y  com pared. F o r exam ple , th e  v a r i a t i o n  i n  s i z e  o f  copper s h o t  
m igh t b e  m easured  i n  te rm s o f  w e ig h t ( o r  d ia m e te r ) ;  th e s e  m easure­
m ents c o u ld  be  p l o t t e d  on a  l i n e  to  d e te rm in e  w h e th er th e  v a r i a t i o n  
was c o n tin u o u s  o r  d i s c r e t e  and w hat s i z e  c la s s e s  sh o u ld  be  re c o g n iz e d . 
The same ap p ro ach  may be  ta k e n  to  d e s c r ib e  a  phenomena d i f f e r i n g  i n  
two q u a l i t i e s .  I f ,  f o r  exaitç>le, th e  co p p er w ere a l lo y e d  w ith  t i n ,  
t h i s  q u a l i t y  co u ld  be  m easured  and g raphed  on a  l i n e  to  show a l lo y  
c l a s s e s ;  \0f> t i n ,  20^ t i n ,  yn$ t i n .  The v a r i a t i o n  i n  th e  s h o t cou ld  
th e n  be  d e s c r ib e d  g r a p h ic a l ly  i n  two d im en sio n s and  c l a s s i f i e d  a s  th e  
v a r i a t i o n  p a t t e r n  s u g g e s te d . I n  th e  f i r s t  exam ple, th e  d i f f e r e n c e  
betw een s h o t  ty p e s  c o u ld  b e  m easured  on th e  s i z e  ( q u a l i t y  m easured) 
a x i s .  I n  th e  second  exam ple , th e  s i m i l a r i t y  o r  d i s s i m i l a r i t y  co u ld  
a ls o  be m easured a s  a  d i s t a n c e ,  b u t  t h i s  d i s t a n c e  no lo n g e r  has d i r e c t  
m eaning i n  te rm s o f  any  q u a l i t y  s tu d ie d .  As th e  number o f  q u a l i t i e s  
i n  w hich phenomena d i f f e r  i n c r e a s e s ,  t h e  d i f f i c u l t y  o f  com paring 
them in c r e a s e s  v a s t l y .  V a r ia t io n  i n  t h r e e  q u a l i t i e s  can b e  graphed  
o n ly  i n  t h r e e  d im en sio n s  and s i m i l a r i t y  can be m easured  a s  a  s in g le  
v a lu e  e x p re s s in g  s i m i l a r i t y  i n  te rm s o f  th e  c h a r a c te r s  s tu d ie d .  The
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d i f f i c u l t y  o f  com paring a  s e t  o f  phenomena may be e x p re sse d  a s  
(X )^  w here  *X* i s  th e  num ber o f  phenomena s tu d ie d  and "n* i s  th e  
num ber o f  v a r i a n t  q u a l i t i e s .  The ( lo n g  re c o g n iz e d )  c o m p lex ity  o f  
com paring  b io lo g ic a l  phenomena ( e , g ,  p l a n t s , a n im a ls , o r  com m unities) 
may b e  e a s i l y  s t a t e d  i n  th e s e  te rm s .
One ap p ro ach  to  d e s c r i p t io n  o f  v a r i a t i o n  i s  th e  i n t u i t i v e  
approach*  C a re fu l  *s u b je c t iv e "  s tu d y  o f  a  s e t  o f  phenomena i n  term s 
o f  th e  c h a r a c te r s  v a ry in g  betw een them  u s u a l ly  y i e l d s  a  good d e s c r ip ­
t i o n  ( o r  c l a s s i f i c a t i o n )  o f  th e  phenom ena. T h is  i s  b e s t  i l l u s t r a t e d  
by  th e  p r e s e n t  b o t a n i c a l ,  z o o lo g ic a l ,  and community c l a s s i f i c a t i o n .
I t  w ould be  i n t e r e s t i n g  to  s p e c u la te  on th e  r e l a t i o n s h i p  o f  t h i s  
m ethod to  th e  two to  b e  d is c u s s e d  n e x t ,
A second  ap p ro ach  in v o lv e s  f in d in g  a  v a lu e  w hich w i l l  e x p re ss  
th e  s i m i l a r i t y  o r  d i s s i m i l a r i t y  o f  an  i n d iv id u a l  to  two r e f e r e n c e  
in d iv id u a ls *  I f  t h e  v a r i a t i o n  o b se rv ed  w ere  i n  one q u a l i t y  o n ly , 
t h i s  c o u ld  be v e ry  e a s i l y  d o n e , b u t i n  b i o lo g i c a l  sy s te m s , th e  method 
seems to  be  a p p l ic a b le  o n ly  when v a r i a t i o n  i s  r e a l l y  betw een two 
re c o g n iz a b le  ta x a ;  i t  i s  n o t  s u r p r i s in g  t h a t  t h i s  m ethod h as  been 
m ost f r u i t f u l l y  a p p l ie d  to  s t u d i e s  o f  i n t e r s p e c i f i c  h y b r id iz a t io n  
(A nderson  194$) w here  a l l  i n d iv id u a ls  c o n s id e re d  a r e  e i t h e r  o f  th e  
p a r e n t  o r  in te r m e d ia te  ty p e s .
The m ost c r i t i c a l  s t e p  i n  a p p l i c a t i o n  o f  " h y b r id  in d ic e s "  i s  
th e  c h o ic e  o f  p a r e n t  o r  r e f e r e n c e  ty p e s .  I t  i s  d i f f i c u l t  to  f in d  
p a r e n t  p o p u la t io n s  w hich  a r e  s u i t a b l e  f o r  r e f e r e n c e ;  co n ta m in a tio n  
by  i n t r o g r e s s io n  from  e i t h e r  th e  o t h e r  s p e c ie s  s tu d ie d  o r  o th e r  
c lo s e ly  r e l a t e d  s p e c ie s  i s  a lw ays p o s s ib l e .  Even more d i f f i c u l t .
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p e rh a p s , i s  th e  i n c lu s io n  i n  th e  d e s c r ip t io n  o f  th e  r e f e r e n c e  
ty p e ,  th e  v a r i a t i o n  se e n  i n  i t s  p o p u la t io n s .  The b e s t  s o lu t io n  
to  t h i s  p ro b lem , i t  seems to  me, i s  to  f r a n k ly  choose t y p ic a l  
i n d iv id u a l s  and com pare t h e  v a r i a b i l i t y  betw een th e s e  and o th e r  
members o f  t h e  r e f e r e n c e  p o p u la t io n  w ith  th e  v a r i a t i o n  betw een th e  
r e f e r e n c e  in d iv id u a l  and su s p e c te d  h y b r id s .
As th e  num ber o f  p a r e n t  ta x a  p o s s ib ly  in v o lv e d  in c r e a s e s ,  
t h e  d i f f i c u l t i e s  o f  u s in g  t h i s  ap p ro ach  a r e  compounded, n o t  o n ly  
by t h e  n e c e s s i t y  o f  ch o o sin g  a  t h i r d  ty p e ,  b u t  a l s o  by th e  d i f f i c u l t y  
o f  s c a l in g  p o s i t i o n  betw een  th r e e  o r  more p o i n t s .
A t h i r d  ap p ro ach  in v o lv e s  e s t im a t io n  o f  th e  d i s ta n c e  ( d is s im i­
l a r i t y )  be tw een  p a i r s  o f  i n d iv i d u a l s ,  r a t h e r  th a n  lo c a t io n  o f  p o in ts  
betw een r e f e r e n c e  p a i r s .  The r e s u l t  o f  t h i s  p ro c e s s  i s  a  c lo u d  o f  
p o in t s — *a swarm o f  b e e s " — fro z e n  i n  s p a c e , w ith  each p o in t  lo c a te d  
a t  a  d i s t a n c e  from  any  o th e r  p o in t  e q u iv a le n t  to  th e  s i m i l a r i t y  o r  
d i s s i m i l a r i t y  o f  th e  i n d iv id u a l s  o r  p o p u la t io n s  r e p re s e n te d  by 
th o s e  p o i n t s .  I n  g e o m e tr ic  te rm s , one  m igh t sa y : g iv e n  a  m a tr ix
o f  v a lu e  o f  d i s t a n c e  betw een  p o in t s  i n  E u c lid e a n  sp a c e , i t  i s  p o s s ib le  
w ith o u t  p r i o r  know ledge o f  t h e i r  l o c a t i o n  to  r e c o n s t r u c t  t h e i r  
s p a t i a l  p la c e m e n t.
S o k a l and S n e a th  ( I 9 6 3 ) g roup  c o e f f i c i e n t s  o f  resem blance  
i n to  th r e e  ty p e s ,  th o s e  o f  a s s o c i a t i o n ,  o f  c o r r e l a t i o n ,  and o f  
d i s t a n c e .  Though m easu res o f  g e o m e tiic  d i s t a n c e  such  a s  t h e  one 
d e s c r ib e d  i n  in t r o d u c in g  t h i s  s e c t io n  a p p e a l to  nqr t a s t e ,  I  have 
chosen  a  more e a s i l y  c a l c u l a t e d  c o e f f i c i e n t  (B ray  and C u r t is  1957) 
to  e x p re ss  s i m i l a r i t y  and  d i s s i m i l a r i t y .  The fo rm u la  u se d  i s
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2 w /(a+ b )= c , w here **w* i s  t h e  s m a lle r  o f  each  p a i r  o f  c h a r a c te r  
v a lu e s  and  "a* and a r e  th e  sums o f  q u a n t i t a t i v e  m easurem ents 
o f  each  i n d iv i d u a l .  The c o e f f i c i e n t  com pares th e  v a lu e  th e  s ta n d s  
( l o c a l  p o p u la t io n s )  have  i n  common (w) w ith  th e  a v e ra g e  v a lu e  
( a + b ) /2 .  One can  e a s i l y  s e e  t h a t  i d e n t i c a l  s ta n d s  a r e  lOOjS 
s i m i l a r  and  t h a t  s ta n d s  w ith  n o th in g  i n  common have Of» s i m i l a r i t y .  
F ig u re  20 i s  a  g rap h  o f  in te r m e d ia te  v a lu e s  o f  th e  fu n c t io n .  S in c e  
s i m i l a r i t y  and d i s s i m i l a r i t y  a r e  r e l a t e d  in v e r s e ly ,  t h e  d is ta n c e  
betw een  two s ta n d s  ( d i s s i m i l a r i t y )  e q u a ls  100)6 ( t h e  s i m i l a r i t y  o f  
a  s ta n d  to  i t s e l f )  m inus t h e  s i m i l a r i t y  v a lu e  o f  th e  s ta n d s .
As th e  taxonom ic d i s t a n c e s  ( d i s s i m i l a r i t y  v a lu e s )  a re  
e s t im a te d ,  p o in t s  r e p r e s e n t in g  each  s ta n d  s tu d ie d  ta k e  up  t h e i r  
p o s i t io n s  i n  s p a c e . The m odel r e s u l t i n g  i s  a s  l i k e  th e  t r u e  p o p u la ­
t i o n  s t r u c t u r e  a s  th e  sam p ling  m ethod i s  a d e q u a te , A d e s c r ip t io n  o f  
th e  m odel sh o u ld  c o rre sp o n d  to  a  d e s c r ip t io n  o f  taxonom ic s t r u c t u r e  
o f  t h e  g ro u p .
The in fo rm a tio n  c o n te n t  o f  th e  m odel may be  r e t r i e v e d  by 
p r o je c t in g  i t  i n t o  a  box such  a s  we u s e  to  r e p r e s e n t  E u c lid e a n  sp a c e . 
F i r s t  one p r o j e c t s  a l l  t h e  p o in t s  o n to  a  l i n e  w ith  a  compass and r u l e r  
(B ray  and C u r t i s  1957) o r  a r i t h m e t i c a l l y  (B e a ls  i 960 ) ;  he  th e n  p r o j e c t s  
a l l  th e  p o in ts  o n to  a  second  l i n e  p e rp e n d ic u la r  to  and  i n t e r s e c t i n g  
th e  f i r s t ;  f i n a l l y  he  p r o j e c t s  a l l  th e  p o in ts  o n to  a  t h i r d  l i n e  
p e rp e n d ic u la r  to  th e  p la n e  o f  th e  f i r s t  two l i n e s .
L im ita t io n s  to  th e  r e s o lv in g  pow er o f  t h i s  te c h n iq u e  m igh t 
a r i s e ,  i t  seem s, i n  two o p e r a t io n s .  The f i r s t  i s  c h o ic e  and m easure­
m ent o f  c h a r a c te r s  and  c a l c u l a t i o n  o f  taxonom ic d i s t a n c e .  The second
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100
% o f  v a lu e  i n  common
F ig u re  20# R e la t io n s h ip  o f  c a lc u la te d  % o f  s im ila r*  
i t y  t o  % o f  v a lu e  i n  common when th e  
fo rm u la  C«W /(a+b/2) i s  used#
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i s  th e  p r o j e c t i o n  o f  th e  model i n to  v i s i b l e  s p a c e . I f  one b u i l t  
th e  m odel w ith  g lu e  and s t r a w s , h e  m igh t g e t  i t  i n to  sp ace  w ith o u t 
d i s t o r t i o n .  B ecause t h i s  m ethod i s  so te d io u s  and  b ecau se  th e  
r e s u l t a n t  m odel m ust be  im m e d ia te ly  p r o je c te d  f o r  p u b l ic a t i o n ,  m ost 
u s e r s  have  u se d  th e  m ethods o u t l in e d  above to  p r o j e c t  th e  taxonom ic 
d i s t r i b u t i o n  d i r e c t l y  on to  th e  p la n e s  r e p r e s e n t in g  th e  m o d e l 's  
s t r u c t u r e .  E i th e r  p r o j e c t i o n  m ethod r e q u i r e s  t h a t  two p o in ts  be  
chosen  to  d e te rm in e  each  a x is  and  to  govern  p r o j e c t io n  o f  th e  p o in ts  
o n to  t h a t  l i n e .  C ho ice  o f  u n l ik e  p o in ts  seems w is e ,  s in c e  a t  t h i s  
s te p  th e  e f f e c t i v e  num ber o f  d e te rm in in g  d i s ta n c e s  c o n s id e re d  i s  
red u c ed  to  s i x  f o r  each  p o in t  ( 2 /a x e s )  and p o s i t io n  o f  a  p o in t  on a 
l i n e  m igh t p resum ab ly  be  e s t im a te d  b e s t  i f  i t s  s i m i l a r i t y  to  b o th  
r e f e r e n c e  p o in t s  w ere  maximum. More c r i t i c a l ,  i t  seems to  me, i s  
th e  c h o ic e  o f  a  "y* a x is  b o th  p e rp e n d ic u la r  to  and i n t e r s e c t i n g  th e  
"x" a x i s ,  an d  c h o ic e  o f  a  a x is  p e rp e n d ic u la r  to  th e  p la n e  
d e te rm in e d  by th e  *x" and **y* a x e s .  I f  th e  ax es  a r e  n o t  p e rp e n d ic u la r  
and  i n t e r s e c t i n g ,  p l o t t i n g  them i n  a  m odel w ith  p e rp e n d ic u la r  i n t e r ­
s e c t in g  ax es  d i s t o r t s  th e  d a ta .  T h is  d i s t o r t i o n  may be  i l l u s t r a t e d  
by r e f e r e n c e  to  a  s e t  o f  p o in t s  f i l l i n g  a c y l in d e r  o f  sm a ll d ia m e te r . 
Assume t h a t  th e  "x  ax is '*  i s  c o n g ru e n t to  th e  a x is  o f  th e  c y l in d e r .
A p r o j e c t io n  o f  th e  p o in t s  o n to  a  second  a x i s  p a s s in g  th ro u g h  t h a t  
c y l in d e r  w ould i n c r e a s e  th e  a p p a re n t  d ia m e te r  o f  th e  c y l in d e r  i f  i t  
i n t e r s e c t e d  th e  a x i s  a t  any  a n g le  o th e r  th a n  90® and would d e c re a s e  
th e  a p p a re n t  d ia m e te r  i f  i t  w ere  p e rp e n d ic u la r  to  a  p la n e  in c lu d in g  
th e  a x is  b u t  d id  n o t  i n t e r s e c t  th e  a x i s .  D e v ia t io n  from  th e  
p e rp e n d ic u la r  o r  i n t e r s e c t i o n  i s  a l s o  e s t im a te d  b e s t  iirtien th e  r e f e r e n c e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
p o in t s  a r e  d i s t a n t .  I t  sh o u ld  b e  n o te d  t h a t  th e  p e rp e n d ic u la r  
and  i n t e r s e c t i o n  can  p ro b a b ly  o n ly  b e  ap p ro x im ated  s in c e  th e  number 
o f  p o in t s  a v a i l a b l e  i s  r e l a t i v e l y  s m a ll .
I f  th e  taxonom ic s t r u c t u r e  o f  th e  phenomena s tu d ie d  i s  f a i r l y  
s t r o n g , th e  d i s t o r t i o n  r e s u l t i n g  from  im p e r fe c tio n s  i n  th e  in s tru m e n t  
a r e  u n im p o r ta n t . One m ust re c o g n iz e  th e  l i m i t a t i o n s  o f  any in s tru m e n t  
o r  te c h n iq u e  he  u s e s .
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I I I .  RESULTS:
DESCRIPTION AND DISCUSSION OF THE VARIATION PATTERN
F ig u re  21 i s  th e  r e s u l t  o f  p r o je c t in g  o n to  a  p la n e  an 
o r d in a t io n  o f  f i v e  cone c h a r a c te r s :  cone l e n g th ,  seed  l e n g th ,
b r a c t  l a i g t h ,  s c a l e  w id th , and th e  r a t i o  betw een seed  le n g th  and 
s c a l e  l e n g th .  The num bers c o rre sp o n d  to  th o s e  i n  Appendix I .  One 
i s o l a t e d  p o i n t ,  " o ,"  i s  a  r e p r e s e n ta t iv e  o f  P ic e a  ru b e n s . The 
rem a in in g  p o in ts  f a l l  i n t o  a l a r g e  t r i a n g u l a r  g roup  and two s m a lle r  
c lum ps. Some taxonom ic s t r u c t u r e  may be p r e s e n t  i n  th e  l a r g e r  g ro u p , 
b u t  one  h e s i t a t e s  to  a t te m p t  i t s  d e f i n i t i o n  on th e  b a s i s  o f  t h i s  
d i s t r i b u t i o n  a lo n e .
B ecause g e o g ra p h ic  d i s t a n c e  i s  a  b a r r i e r  to  gene flo w , one 
m igh t e x p e c t s i m i l a r i t y  to  be  i n v e r s e ly  p r o p o r t io n a l  to  d i s t a n c e .
M ost o f  my c o l l e c t io n s  a r e  from  th e  Rocky M ountains and s in c e  th e  
m oun ta ins have a  g e n e ra l  n o r th - s o u th  t r e n d ,  l a t i t u d e  i s  a  u s e f u l  
in d e x  o f  d i s t a n c e .  F ig u re  22 shows my o r d in a t io n  w ith  th e  s ta n d s  
l a b e le d  i n  t h i r t y  m in u te  c l a s s e s .  I f  one exam ines th e  l a r g e r  clum p, 
he  w i l l  s e e  t h a t  th e  v a r i a t i o n  i s  c o r r e l a t e d  w ith  l a t i t u d e ;  a s  one 
moves from  l e f t  to  r i g h t  h e  w i l l  o b se rv e  th e  in c r e a s in g  s i z e  
( i n d ic a t in g  more n o r t h e r l y  s i t e s )  o f  th e  num bers. To em phasize t h i s  
p o in t ,  I  have e n c lo se d  f o u r  l a t i t u d i n a l  c la s s e s  c o rre sp o n d in g  ro u g h ly  
to  th e  s o u th e rn  R o c k ie s , th e  c e n t r a l  R o c k ie s , th e  n o r th e rn  R ockies 
(n o r th  o f  th e  Lew is and  C la rk  t r a n s v e r s e  z o n e ) ,  and th o se  more 
n o r th e r ly  p o in t s  s e p a r a te d  a ls o  by im p o r ta n t  l o n g i tu d in a l  d i f f e r e n c e s .
A p l o t  o f  a l t i t u d i n a l  c l a s s e s  i n to  th e  o r d in a t io n  g iv e s  a  v e ry
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FIGURE 21
An o r d in a t io n  o f  th e  p o p u la t io n s  s tu d ie d  b ased  on f i v e  cone 
c h a r a c te r s :  cone l e n g th ,  s c a le  le n g th ,  s c a le  w id th , th e  r a t i o
o f  th e  d is ta n c e  from  th e  o u te r  t i p  o f  th e  se ed  to  th e  s c a le  
t i p  to  s c a le  l e n g th ,  and b r a c t  l e n g th .  The p o p u la t io n  num bers 
c o rre sp o n d  to  th o s e  g iv en  i n  Appendix I ,  The taxonom ic p o s i t io n s  
o f  f i v e  p o p u la t io n s  l i e  o f f  th e  p ag e ; t h e i r  t r u e  p o s i t io n s  a r e  
in d ic a te d  by th e  s c a le  v a lu e s  w hich fo llo w  them  i n  p a re n th e s e s .
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s i m i l a r  r e s u l t  (F ig u re  2 3 ) .  L i t t l e  can  be  made o f  t h i s  f a c t ,  
how ever, b e c a u se  a l t i t u d e  i s  ro u g h ly  c o r r e l a t e d  w ith  l a t i t u d e  i n  th e  
a r e a s  I  sam pled .
On th e  b a s i s  o f  l a t i t u d e ,  one m igh t d iv id e  th e  l a r g e r  clump 
i n t o  t h r e e  s e c to r s  a s  shown i n  F ig u re  21 , You w i l l  o b j e c t ,  n o tin g  
t h a t  I  have ig n o re d  th e  to n g u e  o f  th e  " n o r th e rn  Rocky M ountain ty p e ,"  
Look once  more a t  t h i s  g ro u p . I t s  body seems to  have one cone q u a l i t y  
w h ile  th e  to n g u e  h as a n o th e r .  P e rh ap s  th e  n o r th e r n  R ockies su p p o r t 
two sp ru c e  ty p e s .  T h is  id e a  i s  su p p o r te d  by a  com parison  o f  s ta n d  
s i t e s  i n  each  ty p e .  The to n g u e  sam ples come from  w e l l-d ra in e d  
s lo p e s  w h ile  th e  body sam ples come from  r i v e r  s i d e s ,  r a v in e s ,  and 
boggy a r e a s ;  th e  to n g u e  sam ples come, i n  ev e ry  c a s e ,  from  th e  h ig h e r  
a l t i t u d e s  o f  t h e i r  l o c a l e .
S ta n d s  3 6 , 37» ^3* 58» 111» 113» and 49 m igh t a ls o  be p o in te d  
o u t  i n  an  o b je c t io n  to  my d i v i s i o n .  Each o f  th e s e  h a s ,  how ever, th e  
cone q u a l i t y  o b se rv ed  i n  th e  more n o r th e r ly  w et la n d  s ta n d s  an d , 
o d d ly  enough, each  comes from  a  w et r a v in e ,  s t re a m s id e  o r  bog.
I  s u g g e s t  t h a t  th e  cone q u a l i t y  seen  i n  th e  u p p e r  le f th a n d  
s e c t o r  o f  th e  l a r g e r  g roup  i s  a s  c l o s ^ y  c o r r e l a t e d  w ith  m o is tu re  
c o n d it io n s  a s  w ith  l a t i t u d e ,  though  I  do n o t  b e l i e v e  t h a t  th e  cones 
o f  an  i n d iv id u a l  v a ry  much betw een  w et and  d ry  y e a r s .  Much o f  th e  
a p p a re n t  l a t i t u d i n a l  c o r r e l a t i o n  i s  due  to  th e  e x te n s io n  o f  a  thumb 
o f  m o is t P a c i f i c  a i r  i n to  th e  more n o r th e r ly  o f  th e  re g io n s  I  sam pled: 
l a t i t u d e  and  q u a l i t y  a r e  s e c o n d a r i ly  r e l a t e d ,  a t  l e a s t  i n  p a r t .
F ig u re  24  in t r o d u c e s  t h r e e  more c h a r a c t e r s :  p u b escen ce ,
s te r ig m a ta  s p r e a d ,  and  t h e  sh ap e  o f  s c a l e  t i p s .  The s c a le  t i p s
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a )b la c k :  g labrous tw ig 
w h ite : pubescent twig
b )b la c k : to  r i g h t  o f  c e n te r  o f 
g rap h , sc a le  t i p  tru n ­
c a te ;  to  l e f t ,  b i f id
w h ite : o therw ise
c )b la c k : s te r ig m a ta  spread < 0 ,7  mm 
w h ite : s te r ig m a ta  spread > 0.7  mm
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A d o t in d ic a te s  probable b la c k .
F igure  2li. The o rd in a tio n  o f  th e  popu la tions s tu d ie d  w ith  th re e  a d d itio n a l c h a ra c te rs  superim posed.
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r e p r e s e n te d  a r e  th o s e  t h a t  a p p e a r  i n  th e  two s m a l le r ,  more i s o l a t e d  
c lum ps, b u t  do n o t  a p p e a r  i n  th e  c e n t r a l  p a r t  o f  th e  l a r g e r  clum p.
To th e  l e f t  o f  c e n te r  t h e  t i p  q u a l i t y  r e p r e s e n te d  i s  * b i f id ,*  w h ile  
to  th e  r i g h t  i t  i s  " t r u n c a te .*  The g la b ro u s  c o n d it io n  l ik e w is e  
a p p e a rs  i n  th e  two i s o l a t e d  c lum ps, b u t  does n o t  a p p e a r  i n  th e  c e n te r  
o f  th e  l a r g e  clum p. S m all s te r ig m a ta  sp re a d  o c c u rs  o n ly  i n  th e  
s m a l le r  clump to  th e  l e f t  h a l f  o f  th e  l a r g e r  clum p.
The s t r i k i n g  th in g  a b o u t th e s e  c h a r a c te r s  i s  t h a t  th e y  te n d  
to  c o n n ec t th e  s m a l le r  clum ps to  t h e  l a r g e r  o n e . The p a t t e r n  
o b se rv e d  s u g g e s ts  to  me th e  p o s s i b i l i t y  o f  gene flo w  betw een po p u la ­
t io n s  o f  th e  ty p e s  r e p r e s e n te d  by th e  two s m a lle r  clum ps and t h a t  
ty p e  r e p re s e n te d  by  th e  c e n t r a l  body , A second  lo o k  a t  th e  v a r i a t i o n  
i n  cone m orphology le n d s  s u p p o r t  to  t h i s  id e a :  th o s e  s ta n d s  i n  th e
la x ^ e  clunq> w hich b e a r  c h a r a c te r s  found  a ls o  i n  t h e  s m a lle r  clum ps 
a r e  in te r m e d ia te  i n  cone m orphology betw een  th e  cones o f  th e  l a r g e  
c lu n p  and  th e  two s m a l le r  c lum ps. W r ig h t 's  (1955) su c c e ss  w ith  
a r t i f i c i a l  h y b r id iz a t io n  o f  sp ru c e  s p e c ie s  and e s p e c ia l ly  w ith  P ic e a  
g la u c a  and P ic e a  e n ee lm an n ii adds g r e a t l y  to  th e  p l a u s i b i l i t y  o f  t h i s  
id e a .
I f  h y b r id iz a t io n  and in t r o g r e s s io n  w ere  o c c u rr in g  betw een two 
p o p u la t io n s ,  one  w ould e x p e c t  th e  fo rm a tio n  o f  seed  p o p u la t io n s  w ith  
g r e a t  g e n e t ic  v a r i a b i l i t y .  T h is  v a r i a b i l i t y  w ould be e x p re ssed  i n  
a d u l t  p h en o ty p es  i f  e n v iro n m e n ta l s e l e c t i o n  f o r  th e  p a r e n ta l  ty p e s  
w ere w eak, o r  i f  an  e x tre m e ly  d iv e r s e  env ironm en t p ro v id ed  s u i t a b l e  
n ic h e s  f o r  many o f  t h e  in te r m e d ia te  c o m b in a tio n s .
As a  rough  in d e x  to  p o p u la t io n  v a r i a b i l i t y  I  have chosen  th r e e
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q u a n t i t a t i v e  c h a r a c te r s :  b r a c t  l e n g th ,  s c a le  w id th , and th e  seed
l e n g t h - s c a l e  l e n g th  r a t i o .  I  have c a lc u la t e d  th e  s ta n d a rd  d e v ia t io n  
f o r  each  c h a r a c t e r  i n  each  s ta n d .  I f  a  s ta n d  was more v a r i a b le  i n  a  
c h a r a c t e r  th a n  two t h i r d s  o f  th e  o th e r  s ta n d s  w e re , I  c a l le d  i t  
• h ig h ly  v a r ia b le *  i n  t h a t  c h a r a c te r .  I f  a  s ta n d  showed h ig h  v a r i a ­
b i l i t y  i n  two o f  th e  t h r e e  c h a r a c te r s  s tu d ie d ,  I  c a l le d  i t  " v a r ia b le *  
and m arked i t  w ith  a  p lu s  i n  F ig u re  21; i f  a  s ta n d  showed h ig h  
v a r i a b i l i t y  i n  t h r e e  o f  th r e e  c h a r a c t e r s ,  I  c a l le d  i t  " h ig h ly  
v a r i a b l e ,*  and m arked i t  w ith  a  s t a r .  A c o r r e l a t i o n  betw een v a r i a b i l ­
i t y ,  " f o r e ig n  c h a r a c t e r s , "  and c e r t a i n  cone ty p e s  seems to  e x i s t .
The q u a l i t y  o f  a  v a r i a b le  s ta n d  fïom  th e  " n o r th e rn  Rocky 
M ountain  dam pland ty p e*  ( S e c to r  2 ) i s  i l l u s t r a t e d  i n  F ig u re  25 and 
T ab le  I .  The f i r s t  i s  an  o r d in a t io n  o f  t h e  t h r e e  s ta n d s .  Two 
(1 0 2 ,1 0 4 ) a r e  lo c a te d  l e s s  th a n  a  h a l f  m ile  a p a r t  n o r th e a s t  o f  
F la th e a d  L ake; b o th  occupy  boggy s i t e s  and show s im i l a r  v a r i a t i o n .
The t h i r d  i s  a  s in g l e  s ta n d  (3 )  from  m id d le  a l t i t u d e s  e a s t  o f  B erthoud 
P a s s ,  C o lo rad o . You can  s e e  t h a t  102 and 104 have  exploded to  g iv e  
in d iv id u a l s  n o t  u n l ik e  th o s e  o f  S e c to r s  1 , 2 , and 3 . The gene p o o l 
o f  t h i s  p o p u la t io n  seem s to  c o n ta in  a l l  th e  m a te r ia l  u s u a l ly  found 
i n  P ic e a  g la u c a . P ic e a  e n g e lm a n n ii. and  P ic e a  Colum biana. I  f in d  th e  
v a r i a t i o n  in  S ta n d  3 l e s s  s u g g e s t iv e ;  though  I  s u s p e c t  t h a t  th e  
v a r i a t i o n  betw een S e c to r  4  and  Clump 5 i s  due to  gene flo w  betw een 
them , I  have  v i s i t e d  no s ta n d s  t h a t  show h ig h  v a r i a b i l i t y  in c lu d in g  
P ic e a  e n g e lm an n ii and  P ic e a  pungens and many in te r m e d ia te s .
T ab le  I  shows some o f  t h e  c h a r a c te r  co m b in a tio n s found among 
th e  " F la th e a d  h y b r id s ."  I t  shows t h a t  th e  c h a r a c te r s  do s o r t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE 25
An o r d in a t io n  o f  th e  i n d iv id u a ls  s tu d ie d  i n  t h r e e  h ig h ly  v a r i a b l e  
p o p u la t io n s :  3 , 102, and  104. B ecause t h e  same r e f e r e n c e  v a lu e s
a r e  u se d  i n  b o th  f i g u r e s .  F ig u re  25 may b e  su p erim p o sed  on F ig u re  
21 f o r  co m p ariso n . Use t h e  p o p u la t io n  p o s i t i o n s  (3# 102 , 104) 
g iv e n  on b o th  f o r  a lig n m e n t. I n d iv id u a l s  40 and 28 a r e  o f f  s c a l e  
v e r t i c a l l y  w h ile  14 i s  o f f  s c a l e  h o r i z o n t a l l y ;  t h e i r  t r u e  p o s i t i o n s  
a r e  i n d ic a t e d  by  th e  s c a l e  v a lu e s  fo llo w in g  them  i n  p a r e n th e s e s .
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APPLICATION OF A GRÜDS HÏERID INDEX TO POPÜUTKNIS 102 AND
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X P*ej»̂ 117
30
U7
31
117
22
116
13
116
14
117
24
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27
116
2
117
5
116
8
seed lerhgth/scale length < U 8 >2.1 0.24 0.25 0.25 0.31 0.23 0.21 0.21 0.14 0.17 0.14
bract length < U h - >2.3 TX 2 3 “ 2 X 2 3 “ 1.8 1.9 2.3 W 1.9
seed length > 4 .3 <3.6 2.9 3.5 4 3 3.6 3 3 3.5 3.8 4.5 3 3 4.2
scale t ip T R P “r R T P p "T P “Y” ' T a
index value CPl 6:8 z 6 Z Z Z 3 3 4 4 4
116 116 116 U6 116 117 117 116 116 117 117 116 116
10 19 15 16 4 33 3 12 17 34 28 6 1
seed length/scale length •19 .21 .19 .16 .21 .21 a 5 jl3 .18 .14 .24
tra c t length 1.9 1 3 T3 1.7 1.8 77Î 1.5 2.1 2 3 U 1.9 13 ÎTT
seed length 3.4 3.0 3.1 3.3 3.5 4.3 4 .0 3.8 4 3 4.3 4.4 4.6 3.8
scale tip IT a T T T R R T T R T T T
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For each P. glauca character sta te  no points are given^ for each P. engelmannii character sta te  two 
points are given, for intermediate stàtes one point is  given to get the index value given below* Définiticm 
of character sta tes is  made under "P#g*. x, and F«e«* respective];^* The numbers over other columns re fer 
to  the stand from which the indivldÜîù^as taken (upper) and the number of th a t tree in  Figure 2$. (lower)* 
Ieng;ths are expressed in tenths of inches*
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in d e p e n d e n t ly  and  t h a t  an  i n d iv id u a l  w hich m igh t b e  •'typed* w ith
one g roup  c an  som etim es c a r r y  a  q u a l i t y  c h a r a c t e r i s t i c  o f  a n o th e r .
I f  one a s s ig n s  h y b r id  in d e x  v a lu e s  from  t h i s  c h a r t  and com pares them
w ith  th e  p o s i t io n s  o b se rv ed  i n  t h e  o r d in a t io n ,  h e  may b e  s u rp r i s e d
to  f i n d  d i s c r e p a n c ie s .  I  w as. Wÿ bew ild e rm en t in c re a s e d  idien I  found
»
t h a t  th e  h y b r id  in d e x  d o es  work when a p p lie d  to  th e  m a s te r  o r d in a t io n  
( F ig u re  2 1 ) ,  The d i f f e r e n c e  i s  u n d o u b ted ly  due to  th e  f a c t  t h a t  th e  
in d e x  and  th e  o r d in a t io n  w e ig h t th e  c h a r a c te r s  d i f f e r e n t l y .  One 
e x p e c ts  su ch  d iv e rg e n c e  when eyes t r a i n e d  i n  an o r d e r ly  w orld  o b se rv e  
c h a o s . C h a ra c te r s  w hich a r e  a s s o c ia t e d  i n  m ost p o p u la tio n s  may become 
d i s s o c i a t e d  i n  e d d ie s  o f  gene f lo w .
These t r e e s  v a r ie d  a ls o  from  p u b e sc e n t to  g la b ro u s , b u t  s in c e  
I  c o l l e c t e d  tw ig s  and  cones in d e p e n d e n tly , I  c an n o t e n te r  t h i s  
c h a r a c te r  on th e  in d e x  t a b l e .
As b l i s t e r s  w ere  m ost o f te n  c o l l e c te d  from  t r e e s  too  young to  
b e a r  c o n e s , my c o l l e c t i o n s  o f  tw ig s  and cones a r e  a ls o  in d ep e n d en t.
The m ost n o ta b le  d i f f e r e n c e  betw een P ic e a  en g e lm an n ii and  P ic e a  g lau c a  
i s  i n  th e  r e l a t i v e  am ounts o f  ray rcene , lim o n en e  and  b e ta  p h e lla n d re n e . 
The d i f f e r e n c e  i s  n i c e ly  e x p re ss e d  by  g rap h in g  th e  r a t i o  o f  m yrcene 
to  lim onene  a g a in s t  th e  r a t i o  o f  b e ta  p h e lla n d re n e  to  lim onene.
Because th e  r a t i o s  v a r ie d  from  sm a ll  to  l a r g e ,  I  p l o t t e d  th e  lo g a r ith m s  
o f  th e  r a t i o s  ( F ig u r e  2 6 ) .  The p o s i t io n s  o f  th e  av e rag e  v a lu e s  f o r  
each P ic e a  g la u c a  and  P ic e a  pungens s ta n d  a r e  found  i n  Q u a rte r  I I I .
The s ta n d  a v e ra g e s  f o r  r e f e r e n c e  P ic e a  en g e lm an n ii s ta n d s  a l l  f a l l  
i n  Q u a r te r  I .  S ta n d  a v e ra g e s  f o r  D ick  Creek ( 1 0 ) ,  M onture R iv e r 
(11 and 1 2 ) ,  and B row ning, M ontana ( 9 ) ,  ta k e  in te r m e d ia te  p o s i t io n s .
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M ost i n t e r e s t i n g ,  how ever, i s  th e  v a r i a t i o n  o b se rv ed  among th e  
• F la th e a d  and J u d i th  B asin  h y b r id s^  (* and + r e s p e c t iv e ly ) .  T hat 
t h e s e  s ta n d s  a r e  h ig h ly  v a r i a b l e  and t h a t  some in d iv id u a ls  from  each  
a r e a  ap p ro ach  th e  q u a l i t y  o f  P ic e a  g la u c a . w h ile  o th e r s  app roach  
P ic e a  en g e lm an n ii i s  a p p a re n t .
L e t  me rev ie w  now th e  v a r i a t i o n  p a t t e r n s  I  have d is c u s s e d .
I n  th e  u p p e r  r i g h t  hand c o rn e r  o f  th e  o r d in a t io n  (F ig u re  21) i s  a  
sm a ll  g roup  o f  s ta n d s  ( I )  c h a r a c te r iz e d  by s h o r t  t r e e s  (6 0 * ) , s h o r t  
cones ( 1 .2 - 2 .0 * ) ,  s h o r t  b r a c t s  ( 0 .1 3 - 0 .2 0 * ) ,  a  lo n g  seed  ( 0 .3 5 -  
0 . 47*) co u p led  w ith  a  r e l a t i v e l y  s h o r t ,  n a rro w e r , s t i l l  b ro a d ly  
rounded  o r  t r u n c a te  s c a l e  ( u n f i l l e d  s c a l e / s c a l e  le n g th  = 0 . 05- 0 , 15* ) ,  
g la b ro u s  tw ig s  w ith  a  sm a ll (O .3O-O.7O ram.) s te r ig m a ta  sp re a d , and 
a  l a r g e  amount o f  th e  te r p e n e  lim onene  r e l a t i v e  to  th e  am ounts o f  
m yrcene and b e ta  p h e l la n d re n e .  T hese c o rre sp o n d  n i c e ly  w ith  w hat h as  
been  d e s c r ib e d  a s  P ic e a  g la u c a .
I n  th e  lo w e r c e n t e r  p o r t io n  o f  th e  o r d in a t io n  i s  a  g roup  o f  
s ta n d s  ro u g h ly  d e f in e d  by  th e  t r i a n g l e  i n  F ig u re  24 w hich c o rre sp o n d  
to  w hat h a s  been d e s c r ib e d  a s  P ic e a  e n g e lm a n n ii. They a r e  t a l l e r  
t r e e s  (1 5 0 * ) , w ith  a  te n d e n c y  to  have  lo n g e r  cones ( 1 .2 - 2 .4 * ) ,  lo n g e r  
b r a c t s  ( 0 .1 8 - 0 .2 9 * ) ,  narrow  s c a le s  ( 0 .3 1 - 0 .4 9 * ) ,  g r e a t e r  e x te n s io n  o f  
th e  s c a le  beyond th e  se e d  wing t i p  ( u n f i l l e d  s c a l e / s c a l e  le n g th  = 
0 .2 1 -0 .3 7 " ) •  They have  p u b e s c e n t tw ig s ,  a  g r e a t e r  s te r ig m a ta  sp re a d  
( 0 , 75- 1*05 m m .), and  l a r g e  am ounts o f  th e  te rp e n e s  m yrcene and b e ta  
p h e lla n d re n e  r e l a t i v e  to  th e  am ount o f  lim o n e n e .
W ith in  t h i s  g ro u p  t h e r e  seem s to  b e  a  c o n s i s t e n t  v a r i a t i o n  
betw een n o r th e rn  and  s o u th e rn  p o p u la t io n s .  As one moves n o rth w ard  he
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te n d s  to  f in d  lo n g e r  c o n e s , n a rro w er s c a le s  w ith  s h o r t e r  s e e d s , and  
a  c o rre sp o n d in g  in c r e a s e  i n  th e  e x te n s io n  o f  th e  s c a le  beyond th e  
se e d  w ing t i p .  (S e e  F ig u re s  4-, 9* 10 , 14, num bers 2 2 -6 5 .)  Wÿ’ 
sânqpling i s  i n s u f f i c i e n t  to  d e te rm in e  w h e th e r t h i s  v a r i a t i o n  i s  
c l i n a l ,  a s  seems to  be  th e  c a s e ,  o r  w h e th e r each  m ountain  b lo ck  h as 
i t s  c h a r a c t e r i s t i c  g ro u p . The e f f e c t  o f  t h i s  v a r i a t i o n  on t o t a l  cone 
m orphology may be  e a s i l y  se en  by s tu d y in g  th e  l a t i t u d i n a l  v a r i a t i o n  
i n  t h e  P ic e a  e n g e lm an n ii complex (F ig u re  22) o r  by com paring th e  
q u a l i t y  o f  s ta n d s  from  S e c to r s  I I I  and IV i n  F ig u re  21 .
I n  th e  u p p e r  l e f t  hand c o m e r  o f  th e  o r d in a t io n  (F ig u re  21 , V) 
a p p e a rs  a  t h i r d  g roup  c o rre sp o n d in g  to  w hat h as been  named P ic e a  
pungens. These t r e e s  a r e  r e l a t i v e l y  t a l l  (1 5 0 * ) . th e y  have lo n g  
cones ( 2 .7 - 4 .2 * ) ,  s h o r t  b r a c t s  ( 0 .1 - 0 .2 * ) ,  a  lo n g  se ed  ( 0 . 57- 0 . 51") 
bo m e  on a  c o a r s e  f ib r o u s  s c a l e .  The s c a l e  i s  w ide (0 .4 5 -0 .6 0 " )*  lo n g  
( u n f i l l e d  s c a l e / s c a l e  le n g th  = 0 .3 7 - 0 .5 0 * ) ,  and o f t e n  b i f i d .  The 
tw ig s  a r e  a ls o  c o a r s e r ,  th e y  a r e  g la b ro u s ,  and th e  s te r ig m a ta  sp re a d  
i s  l a r g e  (0 .7 5 -1 .2 5  m m .). T erpene  sam ples ta k e n  from  th e s e  t r e e s  a r e  
s im i l a r  to  P ic e a  g la u c a  i n  hav in g  l a r g e  q u a n t i t i e s  o f  lim onene 
r e l a t i v e  to  m yrcene and b e ta  p h e l la n d re n e .  L ik e  P ic e a  en gelm ann ii 
and u n l ik e  P ic e a  g la u c a . t r a c e s  o f  d e l t a - 3  c a re n e  a r e  o f te n  found 
and u n l ik e  e i t h e r  P ic e a  g la u c a  o r  P ic e a  e n g e lm a n n ii . th e  q u a n t i ty  
o f  a lp h a  p in e n e  i s  u s u a l ly  much g r e a t e r  th a n  t h a t  o f  b e ta  p in e n e .
I n  S e c to r  IV a r e  a  g roup  o f  s t a n d s ,  f o u r te e n  p e rh a p s , w hich 
s t r i n g  o u t  betw een th e  P ic e a  e n g e lm a n n ii and  P ic e a  pungens a l r e a d y  
re c o g n iz e d . A c a s u a l  o b s e r v e r  w ould c e r t a i n l y  p u t  cones from  th e s e  
t r e e s  w ith  th o s e  o f  P ic e a  pungens b e c a u se  th e y  have  th e  le n g th
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c h a r a c t e r i s t i c  o f  t h a t  s p e c ie s .  A g la n c e  a t  F ig u re s  4 , 7» 9 ,  12, and 
15 shows why th e s e  s ta n d s  f a l l  betw een th e  two s p e c ie s  i n  th e  o rd in a ­
t i o n .  T h e ir  cones a r e  in te r m e d ia te  i n  l e n g th ,  t h e i r  se ed s  a r e  
in te r m e d ia te  i n  l a n g th ,  and  t h e i r  s c a le  le n g th s  and b re a d th s  a r e  
in te r m e d ia te .  I n  F ig u re  25 I  showed th e  v a r i a t i o n  o b se rv ed  i n  one 
o f  t h e  m ore v a r i a b l e  o f  th e s e  s ta n d s .  I  s u s p e c t  t h a t  th e s e  t r e e s  may 
b e  th e  r e s u l t  o f  gene  flo w  betw een P ic e a  en g elm an n ii and P ic e a  
p u n g en s .
A com parison  betw een  s ta n d  s i t e s  i s  i n t e r e s t i n g  in  t h i s  
c o n n e c tio n . The s ta n d s  w hich f a l l  i n  th e  more i s o l a t e d  clump a r e  
w e l l  i s o l a t e d  from  P ic e a  e n g e lm a n n iit th e y  grow , f o r  exam ple, i n  th e  
b ro ad  v a l l e y s  o f  th e  Snake and Wind R iv e rs  o f  Wyoming. The i n t e r ­
m e d ia te  s ta n d s  a r e  a l l  found  low  i n  m oun ta in  v a l l ^ s  w here th e r e  a r e  
no sh a rp  e n v iro n m e n ta l d i s c o n t i n u i t i e s  to  re d u c e  gene flow  betw een 
p o p u la t io n s .  M aher (1 9 6 3 ) and B ent and W rig h t (1 963 ) show t h a t  even 
though  w ind p o l l i n a t e d  t r e e s  l i k e  th e s e  o f  t h e  P in a c e a e  a r e  n o to r io u s  
f o r  p o l le n  d r i f t ,  such  a  s e p a r a t io n  can  b e  q u i t e  s i g n i f i c a n t .
The s ta n d s  o f  S e c to r  I I  conform  n i c e ly  to  th e  d e s c r ip t io n s  
g iv e n  f o r  P ic e a  a l b e r t i a n a  (Brown 1907, H o rto n  1956 ), P ic e a  g la u c a -  
P ic e a  en g e lm an n ii ( L i t t l e  1953, T a y lo r  1959 ), and P ic e a  colum biana 
(Lemmon 1897, Jo n e s  1910, Rydberg 1 9 0 0 ). T h is  t r e e  h as been 
re c o g n iz e d  m a in ly  on th e  b a s i s  o f  i t s  s h o r t  b r a c t s ,  v a r io u s  p u b e sce n ce , 
and o b o v a te , somevrtiat e ro s e  cone s c a l e s  w ith  a  b ro a d ly  rounded  ap ex . 
Marcus E. Jo n e s  (1 910 ) n o te s  t h a t  th e  t r e e  i s  found  a lo n g  s tre am s 
and i n  w e t p la c e s  and ^ r e p la c e s  P ic e a  p a r rv a n a  (=  P ic e a  p u ngens) 
here*' ( i n  w e s te rn  M on tana).
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I  w ould d e s c r ib e  th e s e  t r e e s  by  com paring them  w ith  P ic e a  g lau­
ca  and P ic e a  e n g e lm a n n ii.  T h ^  a r e  in te r m e d ia te  i n  h e ig h t ,  t h e i r  
co n es  a r e  s h o r t  ( 1 .3 - 2 .1 “ )# l i k e  th o s e  o f  P ic e a  g la u c a . th e  b r a c t  
l e n g th  i s  in te r m e d ia te  ( 0 .1 3 - 0 .2 4 " ) ,  a s  a r e  th e  se ed  le n g th  (0 .3 2 -
0 .4 4 * )  and th e  amount o f  u n f i l l e d  s c a l e  ( u n f i l l e d  s c a l e / s c a l e  le n g th  
= 0 .1 8 - 0 .2 7 " ) .  The tw ig s  a r e  n o t  c o a r s e  l i k e  th o s e  o f  P ic e a  p u n g en s. 
Both p u b escen ce  and s te r ig m a ta  sp re a d  v a ry  betw een  th e  l i m i t s  o f  th e  
P ic e a  e n g e lm an n ii and P ic e a  g la u c a  c h a r a c te r  s t a t e s .  The te rp e n e  
c o n te n t  a ls o  v a r i e s  betw een th e  q u a l i t i e s  o f  P ic e a  g la u c a  and P ic e a  
e n g e lm a n n ii.
I  have d is c u s s e d  one s ta n d  from  t h i s  com plex i n  some d e t a i l .  
M ost, i f  n o t  a l l ,  o f  th e  c h a r a c te r  s t a t e s  found  i n  e i t h e r  P ic e a  g la u c a  
o r  P ic e a  e n g e lm an n ii may b e  o b se rv ed  h e re  and th e y  a r e  found in  
v a r io u s  c o m b in a tio n s ; some t r e e s  c lo s e ly  re sem b le  P ic e a  g la u c a . 
some a r e  l i k e  P ic e a  e n g e lm a n n ii . w h ile  m ost show c h a r a c te r  c o m b in a tio n s  
o r  c h a r a c t e r  s t a t e s  w hich m ust be  re c o g n iz e d  a s  in te r m e d ia te .  I n  t h i s  
boggy s i t e ,  s e l e c t i o n  f o r  th e  c h a r a c t e r  c o m b in a tio n s  c h a r a c t e r i s t i c  
o f  P ic e a  g la u c a . P ic e a  e n g e lm a n n ii . and  P ic e a  co lum biana  m ust be  much 
re d u c e d .
T h is  s t a n d 's  q u a l i t y  m igh t b e  i n t e r p r e t e d  i n  s e v e r a l  w ays.
I t  may be a  r e p r e s e n ta t i v e  o f  th e  p o ly ty p ic  P ic e a  colum biana and 
P ic e a  co lum biana may b e  th e  p o ly ty p ic  s p e c ie s  from  w hich P ic e a  g la u c a  
and  P ic e a  en g elm an n ii a r e  d i f f e r e n t i a t i n g  o r  have  d i f f e r e n t i a t e d .  The 
b e s t  e v id e n c e  i n  f a v o r  o f  t h i s  id e a  i s  t h e  M iocene and  P l io c e n e  
f o s s i l s  o f  P ic e a  la h o n te n s e  m en tio n ed  e a r l i e r ;  t h e i r  cones a r e  
s t r i k i n g l y  s im i l a r  to  th o s e  o f  th e  t y p i c a l  P ic e a  co lu m b ian a . H orton
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(1 956 ) d is m is s e s  t h i s  id e a  b ecau se  he found  no c h a r a c te r s  i n  th e  
in te r m e d ia te  p o p u la t io n  w hich w ere n o t  h e ld  i n  common w ith  a t  l e a s t  
one o f  t h e  o th e r  p o p u la tio n s*  T here  i s  some m e r i t  to  t h i s  c r i t e r i o n ;  
though  i t  would n o t  n e c e s s a r i l y  show o th e r  c h a r a c te r  s t a t e s ,  an 
" o r i g i n a l  p o ly ty p ic  sp e c ie s*  w ould p ro b a b ly  have o th e r  c h a r a c te r  
s t a te s *  H orton  (1956) chose  h i s  c h a r a c t e r s ,  how ever, a f t e r  com­
p a r in g  P ic e a  g la u c a  and P ic e a  e n g e lm a n n ii. j u s t  a s  my c h o ic e  o f  
c h a r a c te r s  was b ased  e s s e n t i a l l y  on a  com parison  o f  P ic e a  g la u c a . 
P ic e a  e n g e lm a n n ii . and  P ic e a  pungens* N e i th e r  o f  u s  r e a l l y  s e a rc h e d
f o r  th e  c h a r a c te r s  n e c e s s a ry  to  a p p ly  h i s  c r i t e r i o n .
A n o th er p o s s ib le  i n t e r p r e t a t i o n ,  and  th e  one  I  to o  c o n s id e r  
m ost l i k e l y ,  i s  t h a t  t h i s  s ta n d  and  o th e r  s ta n d s  o f  P ic e a  co lum biana  
w ere c r e a te d  by  gene flo w  betw een P ic e a  g la u c a  and  P ic e a  e n g e lm a n n ii* 
The h y b r id iz a t io n  c o u ld  have  o c c u rre d  when, i n  th e  P l e is to c e n e ,
P ic e a  g la u c a . w hich  had m ig ra te d  sou thw ard  ahead  o f  th e  c o n t in e n ta l  
g l a c i e r ,  m et P ic e a  e n g e lm a n n ii . w hich had m ig ra te d  downward ahead  
o f  th e  m ountain  g l a c i e r s .  I f  one  c o n s id e r s  t h i s  p o s s i b i l i t y ,  th e  
c o l l e c t i o n  s i t e s  i n  th e  J u d i th  B asin  (1 1 1 , 112, 1 1 3 ) , so u th  o f  
Bozeman ( 4 9 ) ,  i n  th e  Red Lodge a re a  ( 4 3 ) ,  and i n  th e  Big H orns 
( 36 , 37) ta k e  on s p e c i a l  m eaning . A t th e  same tim e  P ic e a  g la u c a  
was b e in g  fo rc e d  sou thw ard  i n to  w e s te rn  Montana and  th e  B lack H i l l s  
o f  S ou th  D akota and th e  Sand H i l l s  o f  N e b rask a , i t  m ust have 
m ig ra te d  sou thw ard  a lo n g  th e  f a c e  o f  th e  Rocky M ountains a t  l e a s t
a s  f a r  a s  th e  Big H orns. I t  would be i n t e r e s t i n g  to  s e a rc h  f o r  o th e r
s p e c ie s  n o rm a lly  a s s o c ia te d  w ith  th e  b o r e a l  f o r e s t  i n  th e s e  a r e a s  
( o f  Rudd 1951) a s  s u p p o r t  f o r  th e  id e a  t h a t  a  f a i r l y  w ide band o f
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c o o le r  c o n d it io n s  may have p rec ed e d  th e  g l a c i e r  w hich i n  t h i s  a re a  
a p p a r e n t ly  ex ten d ed  sou thw ard  o n ly  to  th e  M isso u ri R iv e r  o f  to d a y .
You w i l l  n o te  t h a t  th e s e  two i n t e r p r e t a t i o n s  a r e  n o t  m u tu a lly  
e x c lu s iv e .  I f  two p o p u la t io n s  w hich had begun to  d i f f e r e n t i a t e  from  
a  t h i r d  one  m ig ra te d  i n t o  th e  same a re a  b e fo re  i n t e r n a l  b a r r i e r s  to  
gene flo w  had d e v e lo p e d , th e y  m ig h t be  e x p e c te d  to  c ro s s  and even  to  
r e c r e a t e  th e  p a r e n t  p o p u la t io n .
H orton  (1956) d e c id e d  n o t  to  r e c o g n iz e  P ic e a  a lb e r t i a n a  ( P ic e a  
co lum b iana) even a s  a  r a c e  b e c a u se  he  c o u ld  n e i t h e r  d e s c r ib e  i t  n o r  
show t h a t  i t  had s t a b i l i z e d  i t s e l f .  The in te r m e d ia te  p o p u la t io n s  i n  
n o r th w e s te rn  M ontana se æ i to  be more s t a b l e .  Many o f  th e  p o p u la t io n s  
do n o t  show th e  h ig h  v a r i a b i l i t y  d e s c r ib e d  i n  th e  * F la th e a d  h y b rid s*  
(1 0 2 , 1 0 4 ). T hese p o p u la t io n s  f i l l  a  n ic h e  u n f i l l e d  by  o th e r  
s p ru c e s ,  T h ^  r e p la c e  P ic e a  pungens h e r e .  A n o th e r d i f f e r e n c e  betw een  
th e s e  s ta n d s  and th o s e  s tu d ie d  by H o rto n  (1956) and Garrain (1957) 
i n  Canada i s  t h a t  t h e s e  a r e  n o t  now, a t  l e a s t ,  exposed  to  d i r e c t  
gene flo w  from  t h a t  p o p u la t io n  com plex c a l l e d  P ic e a  g la u c a .  U nder 
such  c o n d i t io n s ,  one w ould e x p e c t  them  to  be swarq>ed o u t  i f  th e y  
had no s e l e c t i v e  a d v a n ta g e  o v e r  P ic e a  e n g e lm a n n ii.
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IV. SUMMARY
I  have shown how one can choose  a  s e r i e s  o f  p o p u la t io n s  and  
a  h a n d fu l o f  e n v iro n m e n ta lly  s t a b l e  c h a r a c te r s  upon w hich he c a n , 
w ith  some d e g re e  o f  c o n f id e n c e , b a se  a  s tu d y  o f  v a r i a t i o n .  I  have 
in tro d u c e d  and u se d  an  " e c o lo g ic a l"  te c h n iq u e  i n  an  a tte m p t to  
d e s c r ib e  th e  r e l a t i o n s h i p  o f  v a r io u s  l o c a l  p o p u la t io n s  to  each  
o t h e r .  E|y su p e rim p o sin g  more in fo rm a tio n  on th e  o r d in a t io n ,  I  have 
shown t h a t  th e  g e n e ra l  a rra n g em e n t a r r i v e d  a t  was q u i t e  good, b u t  
t h a t  two p o p u la t io n s  a p p e a r  to  be  more d i s t i n c t  th a n  th e y  r e a l l y  
a r e ,  w h ile  o th e r  v a r i a t i o n  i s  to  a  s l i g h t  e x te n t  m asked. I  have 
p e rh a p s  s t r e tc h e d  y o u r  im a g in a tio n  i n  a t te m p tin g  to  show how ty p e s  
such  a s  P ic e a  p u n g e n s . P ic e a  e n g e lm a n n ii . P ic e a  g la u c a . and P ic e a  
co lum biana have been  re c o g n iz e d  b e f o r e ,  m ig h t b e  re c o g n iz e d , and 
how th e y  m ig h t b e  r e l a t e d .  I n  d o ing  s o ,  I  have  p e rh a p s  u n d e r­
em phasized  th e  u n i ty  o f  th e  g ro u p . The o b s e rv a t io n  o f  t h i s  u n i ty  
i s  a l s o  im p o r ta n t ;  i t  i s  q u i t e  c l e a r  why W rig h t (1955) spoke o f  t h i s  
g roup  a s  th e  " n o r th w e s t  s p e c ie s  com p lex ,"  The o r d in a t io n  may be 
l ik e n e d  to  a  t h i n  s e c t io n  th ro u g h  a  c ro tc h  o f  th e  e v o lu t io n a ry  
t r e e ;  from  th e  s w i r l s  o f  i t s  g r a in  i t  i s  im p o s s ib le  to  t e l l  w hich 
o f  th e  t h r e e  o r  f o u r  buds w i l l  y i e l d  b ra n c h e s  and how much g r a f t i n g  
h a s  o c c u r re d  and  w i l l  o c c u r  b e fo re  th e  b ra n c h e s  d iv e rg e  s u f f i c i e n t l y  
to  y i e l d  a  s t r u c t u r e  a s  c l e a r  a s  t h a t  d i s t in g u i s h in g  th e  g e n e ra  o f  
th e  P in a c e a e .
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APPENDIX I .  LOCATIONS OF POPULATIONS SAMPLED
PLACE
COLORADO
1 Monarch P a ss
2 Monarch P a s s ,  W hite  P in e
J u n c t io n
3 B erthoud  P a ss
4 B erthoud  P a ss
5 B erthoud  P a ss
6 G ranby
7 H ot S u lp h u r  S p r in g s
8 P in g re e  P a rk  R d ., 45 m i,
W. o f  F t .  C o l l in s
UTAH
9 Nebo C reek , S . end o f
W asatch M ountains
10 E a s t  o f  S p r in g v i l l e
11 E a s t  o f  S p r in g v i l l e
12 H e lp e r
13 Big Cottonwood Canyon
14 Big Cottonwood Canyon
WYOMING
15 Togwatee P a s s ,  Wind R iv e r
B rid g e
16 Moose 
17-18 Moose 
19-20  Moose 
21 Moose 
2 2 -2 3  Moose
ELEV.
8500*
8000*
6500*
7000»
7500*
8250»
7700*
6500*
4500»
4500*
5567*
7000*
7000*
7600*
6458*
6458*
6458*
6458*
6458*
LAT,, LONG., & SITE
38°30'N  106°24*W
g ra s s y  s lo p e  a t  s t re a m s id e
38°30*N 106°24*W
g ra s s y  s lo p e  a t  s t re a m s id e  
39°48*N 105°47*W
g ra s s y  s lo p e  a t  s t re a m s id e  
39°48*N 105®47*W
g ra s s y  s lo p e  a t  s t re a m s id e  
39°48*N 105 47*W
g ra s s y  s lo p e  a t  s tre a m s id e  
40° 5*N 105°56*W 
s tre a m s id e  
40° 4*N 106* 5'W
8000* 40°37*N 105°31 *W
1
38°56*N 112°00»W
40° 8*N 111°25*W 
ra v in e  
40° 8*N 111°25*W 
ra v in e  
39®41*N 110°55*W 
canyon 
40°36 'N  111®35*W
40036 'N 111°35*W
43°32*N 109°38'W
g ra s s y  s lo p e  a t  s t r e a m s id e  
43°39*N 110°43*W
s tre a m s id e  i n  sag e  p l a i n  
43°39 'N  110043 'W
s tre a m s id e  i n  sa g e  p l a i n  
43°39*N 110°43*W
s tre a m s id e  in  sa g e  p l a i n  
4 3 °3 9 ’N 110°43*W
s tre a m s id e  i n  sa g e  p l a i n  
43°39*n 110°43»W
s tr e a m s id e  i n  sa g e  p l a i n
O rd e r e x p la in e d  i n  t e x t ,
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PLACE ELEV. LAT.. LONG., & SITE
WYOMING
24-25  W ilson 6146 ' 43°31*N 110®53*W
s tre a m s id e  i n  sag e  p l a i n
ORBCiON
26 C r a te r  Lake 6108» 42°53 'N  122*10'W 
la k e s id e
COLORADO
27 Monarch P ass 9000» 38°30 'N  106°24'W 
m oun ta in  s lo p e
28 Monarch P ass 13300» 38°30»N 106®24»W 
m ounta in  s lo p e
29 Mudc^ P a ss 9050» 40°23»N 106*36 »W 
p la te a u
30 B erthoud  P a ss 9000» 39°46'N  105^44» W
w e ll  d ra in e d  m ountain s lo p e
31 B erthoud  P a ss IO3OO' 39*4 7 »N 105*4 7 'W
w e l l  d ra in e d  m ountain s lo p e
32 B e rthoud  P ass 10500» 39*4 7 »N 105*47 »W
w e ll  d ra in e d  m ountain s lo p e
33 R a b b it  E ars  P a ss 9000» 40*21»N 106*50 »W
w e ll  d r a in e d  m ountain s lo p e
34  Rocky M tn. N a t l .  P a rk  
WYOMING
10300» 40*32»N 105*37 »W
35 L o u is  Lake Loop 8600» 42*32»N 108°48'W
s te e p  s lo p e s  a t  s t re a m s id e
36 Big H orns, e a s t  s i d e .
S ib le y  Lake 7300» 44^33»N 107*31*W 
damp draw
37 S h e l l  Canyon 7000» 44* 34»N 107*33*W 
canyon
38 M e e te e tse e  R anger S t a t i o n 7150» 44* 3»N 109*11 »W 
g ra s s y  s lo p e
39-40  T eton  P a ss 8431» 43*30»N 110*57'W
d ry  s lo p e  n e a r  summit
41 E a s t  s lo p e ,  T e to n  P a ss 7500» 43*2 9 'N 110*55*W
m o is t  r a v in e
42 Togwatee P a ss 9650» 43*4 5 *N 110* 5'W 
p la te a u
MONTANA
43  Red Lodge 5500» 45* 11*N 109* 16»W 
s tre a m s id e
UTAH
44  Big Cottonwood Canyon 7000» 40*36»N 111°35'W
45 B rig h to n 9000» 40*36»N 111*35»W
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PLACE
IDAHO
46 T arghee  P a ss  (W. Y ellow ­
s to n e )
4? T arghee  P ass
MONTANA
48 2^ m l. N. K a r s t  Kamp
U9 Squaw C reek , Bozeman
50 B a t t l e  o f  th e  Big H ole
51 L o s t  T r a i l  P a ss
52 D ick  Creek
53 D ick  Creek
54 E d ith  Peak
55 E d ith  Peak
56 E d ith  Peak
57 R a tt le s n a k e
58 Ovando
59 Rock Creek (B o b ca t C r . )
60 Rock Creek (Above Quigg
Peak)
61 Squaw Rock, Rock C reek
62 S k a lk ah o e  C reek ( j u s t
below  p a s s  to  e a s t )
ELEV. LAT., LONG., & SITE
7250*
7250*
5800*
5379*
5900*
6990*
5000*
5700*
5900*
6000*
65OO'
5400*
4400»
4000*
4000*
5000*
63  G ra n ts d a le
64 G ra n ts d a le
65 G ra n ts d a le
66 G ra n ts d a le
a  t r a n s e c t  from  
th e  w e s t to  th e  
e a s t  w ith  th e  
bog a t  th e  
summit
44°40*N 111°20*W
w e ll  d ra in e d  s lo p e  
44°40*N 111®20*W 
u p la n d
45®22*N 111^11*W 
r i v e r s i d e  
45°28*N 111®14*W 
s tre a m s id e  
45O371JJ ii3 °3 5 'W  
s tre a m s id e  
45043*1, 1130591 w
low  on m oun ta in  s lo p e  
46°40»N 114*20 *W 
s tre a m s id e  
46®40*N 114°20*W
47® 8*N 114°15*W
47°  8 'N  114°15*W
47® 8*N 114°15*W
46®55*N 113°55»W
47® 0*N 113°  0*W
s tre a m s id e  
46°34*N 113®50*W 
s tre a m s id e
46®25*N 113®50'W 
s tre a m s id e  
46®20*N 113®40*W 
s tre a m s id e
7000* 46®15*n 113®48*W
46°10 'N  113®30'W 
d ry  c re e k s id e
m o is te r  c re e k s id e
bog
46°10*N 114®00*W 
f o r e s t e d  s lo p e s
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PLACE
MONTANA
P o r te r s  C o m ers 5429»
E a s t  G eorgetow n Lake 6500*
L ib b y  (50  m ile s  NE) 2150*
L ib ly  (3 3  m ile s  NE) 2000»
L ib b y  (20  m ile s  NE) 2000*
L ibby  C reek (1 0  m ile s  S , 
o f  L ibby ) 2500»
F is h e r  Creek (3  m ile s  S , 
o f  L ibby) 2700»
Loon Lake (2 4  m ile s  NW 
o f  L ib b y ) 2850»
P ip e  C reek (20  m ile s  NW 
o f  L ibby ) 2250»
Yaak R iv e r  (18  m ile s  NW 
o f  L ibby ) 2250»
Yaak R iv e r  (29 m ile s  NW 
o f  L ibby) 3225*
Yaak R iv e r  (29  m ile s  NW 
o f  L ibby) 2925*
Yaak R iv e r  (22  m ile s  NW 
o f  L ibby) 3350*
Yaak R iv e r  B rid g e 2500»
Yaak C reek B rid g e 2300»
Big C reek (45  m ile s  NE 
o f  L ibby) 2050»
McGregor L ake (W, o f  
K a l i s p e l l ) 2950*
W h ite f is h 2700»
ELEV. LAT., LONG,, & SITE
46°15 'N  113°25*W 
s tre a m s id e  
46°10 'N  113°17*W
s tre a m s id e ,  open s ta n d  
48°50 'N  115°18»W 
r i v e r s i d e  
48°40*N 115°18»W 
r i v e r s i d e  
^®30*N 115°17*W 
r i v e r s i d e
48°15 'N  115®30»W 
r i v e r s i d e
i»8®20*N 115®19*W 
b ru sh y  s tre a m s id e
w e l l  d ra in e d  u p lan d
48028*N 115°31'W 
s tre a m s id e
48°25*N 115°30»W 
damp s lo p e
48O40*N 115®47*W
w e ll  d ra in e d  s lo p e
48°43»N 113048 'W
s c a t t e r e d  t r e e s  i n  p a s tu r e
48035»N 115°35'W
48041*N 115*32 »W 
s tre a m s id e
48O391N 115°53'W 
s tre a m s id e
48°44 'N  115°17'W 
s tre a m s id e
48° 2 'N  114°50'W 
d ry  s lo p e
48024»N 114°20*W 
h i l l s i d e
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PLACE
MONTANA
85 N, Fork F la th e a d  (7  m ile s  
N, Colum bia F a l l s )
ELEV.
3150*
86 N, Fork F la th e a d  (1 4  m ile s  
N, Colum bia F a l l s ) 3050*
87 N. Fork F la th e a d  (W here 
ro a d  f i r s t  m ee ts  r i v e r ) 3075*
88 N, Fork F la th e a d  (9  m ile s  
so u th  P o le b r id g e ) 3150*
89 P o le b r id g e 325O'
90 S p e rry  T r a i l ,  G la c ie r  
N a tio n a l  P ark 6000»
91 Condon A i r p o r t ,  Swan 
R iv e r  V a l l ^ 3700*
92 Swan R iv e r  Road, G oat 
Creek S t a t i o n 3225»
93 R ainy  L ake , Swan R iv e r  Rd, 4150*
ALBERTA
94- B e lly  R iv e r ,  W a te rto n  L akes 4500*
95 B e lly  R iv e r 5850»
BRITISH COLUMBIA 
96  Crows N est 4150»
97 Crows N e s t P a ss  and Lake 4450*
98  E lko 225O'
99 N a ta l 3700*
100 F e m ie 3000*
MONTANA 
101 W ildman Farm , Swan R. Rd, 3000»
102-103 E a s t  o f  B lg fo rk 3000*
LAT., LONG,, & SITE
48°25*N 114°10*W 
r i v e r s i d e
48°40 'N  114®17*W 
draw
48038*H 114° 7*W 
s tre a m s id e
48°38 'N  114°12*W 
s tre a m s id e  
48°46*N 114°16'W 
s tre a m s id e
48°40»N 113°50*W 
d ry  s lo p e
47°38*N 113°42*W 
f l a t l a n d  f o r e s t
47°45*N 113®50*W
47°23*N 113°35'W 
la k e s id e
49° 4*N 113°55*W 
s lo p e  
49° 8*N 113°30'W 
boggy
49°37*N 114°4'0'W 
s tre a m s id e  
49040»N 114°41*W 
d r y  s lo p e  
49°15*N 115 6*W 
s tre a m s id e  
49°43»N 114°50*W 
r i v e r s i d e  
49°30 'N  115° 3'W 
r i v e r s i d e
48° 3 ‘H 114° 1»W 
boggy 
48° 5 'N  114° 4*W 
boggy
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PLACE
MONTANA
1 0 ^ 1 0 5  E a s t  o f  B igforfc
ALBERTA
106 B e lly  R iv e r ,  W ate rto n
Lakes
BRITISH COLUMBIA
107 F e m ie
108 B la irm o re
MONTANA
109 M edicine  S p r in g s  (N o f
S u la )
110 W est o f  Browning
111 J u d i th  B asin
112 U pper J u d i th  R iv e r  
113-114 W h i te t a l l  C abin
SOUTH DAKOTA
115 W onderland C ave, B lack
H i l l s
116 R apid  C ity
117 Nemo A rea , HLack H i l l s
MINNESOTA
118 B em idji
119 B em id ji
120 W est C ass L ake
121 W est C ass Lake
122 W est C ass Lake
WISCONSIN
123 T hree  Lakes
ELEV, LAT., LONG., & SITE
3000* 48® 5 'N  114® 4»W 
boggy
4500
3250
4425
4800
5150
5000
5000
7500
4100
3231
4700
1343
1343
1350
1350
1350
1550
49® 4»n 113®55*W 
boggy
49®30'N 115® 3 *W 
s tre a m s id e  
49®35*N 114®28*W
45® 5'N  114® 3'W 
d ry  s tre a m s id e  
48®32'N 113°  4*W 
boggy 
46®45'N 110O28*W
d iy  s lo p e  above bogs 
46®45*N 110°28*W 
.b o g g y  s tre a m s id e  
46®42*N 110®30*W 
boggy
43®3 3 IN io3®28»W 
44® 5 'N  103®13*W 
44®12*N 103°31'W
47®28*N 94®55'W 
r o l l i n g  la n d  
47°28»N 94®55*W 
r o l l i n g  la n d  
47®25'N 94®42'W 
d e p re s s io n  
47®25*N 94®42*W 
r o l l i n g  la n d  
47®25*N 94®42*W 
r o l l i n g  la n d
45®50'N 89®12'W
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PLACE
ONTARIO
124 Q o u la is  R iv e r
125 Powassen
126 A urora
127 M ic h ip ic o te n
MANITOBA
128 R id in g  M ountain
129 H id ing  M tn ., Moon Lake
130 R id in g  M tn .« C le a r  Lake
I 3 I - I 32 B irch  R iv e r ,  W h ite - 
f i s h  Lake
133 Bowsman
134 The Pas
135 The P as (2 0  m ile s  S .)
ELEV. LAT., LONG., & SITE 
46°50»N 89°12'W  
46° 5*N 79®22»W 
44°00»N 79°28'W
1050*
I 3OO'
600* 47°57*N 84°54»W
IO5O'
IO50 '
1050»
1115'
1115'
2000 »
2000*
50°50*N 100° 5'W 
h i l l y  f o r e s t  
50®32»N 100°00'W 
la k e s id e  
50°32 'N  100°00'W 
u p la n d  f o r e s t
52°28»N 101°30'W
l a k e s i d e ,  w e ll  d ra in e d  
52°13 'N  101°14'W 
u p lan d  f o r e s t  
53°55 'N  101° 8 'W 
boggy f l a t s  
53°42»N 101° 8 'W 
boggy f l a t s
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APPENDIX I I .  MORPHOLOGIC CHARACTERS OF PICEA SPECIES 1
SPECIES
BUD
o v o id
a c u te ,  o b tu se
r e s in o u s ,  s l i g h t l y  r e s in o u s  
c o lo r :  t a n .  I t .  h r . ,  d k . h r .  
l e n g th :  3 -5 t 5-7* 7 -9  mm. 
te rm in a l  bud s c a l e s ,  s u b u la te  
n e e d le s  around  te r m in a l  bud 
s c a le s  a p p re s s e d , lo o s e ,  i n t .  
s c a l e  a c u te ,  o b tu se  
s c a l e  e n t i r e ,  s c a r io u s ,  
l a c i n a t e  
LEAVES
le n g th :  6 -1 2 , 1 0 -1 8 , 15- 2 5 , 
20-28  mm.
4 - s id e d ,  f l a t  
a c u te ,  o b tu s e ,  sh a rp  
s t i f f ,  f l e x i b l e ,  i n t .  
b lu e ,  g re e n , i n t .  
p e c t i n a t e ,  r a d i a l ,  fo rw ard  
c u rv e d , s t r a i g h t ,  i n t .  
s to m a ta l  rows above 4 -6 ,  6 -8 , 
8- 10, 10-12 
stom a t a l  rows below  2 -4 ,  4 - 6 ,  
6-8
k e e le d  ab o v e , b e low , 2 s id e s  
r e s i n  c a n a ls ,  num ber 
r e s i n  c a n a ls  p e r i p h e r a l ,  
m edian  
skunk o d o r
o
o
t
b
1
o
s
b
4
a
1
i
r
i
05
ta•H ml ■H1 flj 1 ic col
s
*iH
g g g 1Ü0 o o | CD "H X i >
B *r4 NI0)1 -B g 0)A to u 6 o jO
o
0
1 
d 
b
i
1
o
e
c
4
a
f
b
f
s
a  a  
b  b  
2 0 
m -
8  S
0 
a
t
b
1 
1 
a  
s
Î
a
a
b
r
c
a
b
1
P
o
0 
r
1 
a
n
i
o
s
c
f
s
f
g
r
8
a
t
2
m
o
0 
r  
d  
a
1 
a  
o 
e
c
f
a
f
g
£
i
t
2
o
a
d
a
s
n
a
a
s
b
4
0 
8
g
r
1
b
b
2
m m
o
a
d
a
s
a
a
s
a
4
8
f
b
r
i
b
2
m
o
a
c
4  
8
5
g
r
c
oil oil oil oil oil oil oil oil oil
o
a
t
b
-  n
a  i  
a  a  
1  e
c
f
o
s
g
r
8
b  d
c -  
-  b
2 2
p  m
The f i r s t  f o u r  l i s t e d  (Pj^ g la u c a . P . en g e lm a rm ii. P . p u n g e n s . 
and  s i t c h e n s i s ) com prise  th e  N o rth w e st A m erica com plex; th e  f i f t h ,  
P . i e z o e n s i s . i s  a  J a p a n e se  s p e c ie s  th o u g h t  to  b e  th e  p r o g e n i to r  o f  
t h i s  com plex, P . ru b en s  and  Fj, m arian a  make up  th e  N o r th e a s t  A m erica 
com plex . The rem a in in g  A m erican s p ru c e s , Pĝ  ch ih u ah u an a  and P . 
b re w e r ia n a  seem to  b e  more c lo s e ly  r e l a t e d  to  s p e c ie s  found i n  
S o u th e a s t  C hina th a n  to  ai%r o f  th e s e .  (W rig h t 1955)*
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SPECIES
bO| oo>| ml .•71 g | V à 'a. g CU| h4i a.| a.1 a.| a.1
BRANCHLETS 1
diam eters 1 -2 , 2-3» 3-^  lom. c C d b c a a b b
c o lo r s  I t .  p ink b r . , k h ak i.
clay- 1 k k 1 k k k k 0
p u b escen t, g lab rou s £ R g g g g £ £ P
lu s t r o u s ,  i n t . 1 i i i
p u lv in i  sw o llen - — - 8 _ — • •
ster ig m a ta s 0 .8 ,  1 .2 ,  1 .2+ b c c c c a a c d
ster ig m a ta  a n g le  0 -4 5 ° , 50+° a b b ■ n mm _ _ M i _
BARK
th ic k n e ss :  3 /^ 1 &  mm. a a b
s c a ly ,  r id g ed  in  t r e e s 8 s r
c o lo r s  g r ey , red , g r e y -b r . g-b r g
CONE SCALE
rhom bic, c ir c u la r ,  obovate c r r r r c c O 0
apex e n t ir e ,  d e n t ic u la t e ,  ero se n e e e e d d n n
apex r e f le x e d  * — Mh am mm m . mm — mm —
apex u n d u la te — u U U u mm — mm —
b r a c t shape rounded, a c u te r a a
apex broad, narrow, b i f i d b n n-b
s t i f f ,  f l e x i b l e s f s
CONE
c o lo r ,  immature yg rg rg yg g gP P mm gP
c o lo r ,  matures ta n . I t ,  b r . ,
dk. b r . t 1 1 1 1 d d 1 d
len g th s  2—4 , 4—6 , 6—8 ,  8—10,
10-16 cm. b 0 d d c b a e e
r e ta in e d  1 , 2 +  y e a r s 4M, 1 m u mm mm 2+ •M 1
FEMALE FLOWER
le n g th : 10 -20 , 20- 30 , 30-40mm. C a - C c a a b b
c o lo r rg r g — rp - gr - g
b r a c ts  e n t ir e ,  d e n t ic u la t e .
la c in a t e d d e 1 d 1 d — 1
b r a c ts  exposed - mm je - - - -
s c a le s  r e f le x e d r r r r r r _ r
MALE FLOWER
le n g th :  10 -15 , 15- 20 , 25- 30mm, b b b c c a a c b
c o lo r r P y / r r rp r r rp
lo n g - s ta lk e d , s e s s i l e 1 8 s _ _
SEED
seed  le n g th :  2 - 3 .5 ,  4 -5 ,5  mm. a a a a b a a b a
f r u i t  len g th s 1 0 -12 , 1 3 -16 ,
17-20  ram. b b c c a b b c d
wing apex syram,, asyram. s a a • • mm « a
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e • • •
SPECIES w# ml *4 %» o |A.) A.I 0.1 a*i o.i cm 0.1 o.i o.i
GROWTH
max. h e ig h t ,  f e e t  100 150 150 ^  130 110 100 100 120
a l t . .  S o u th , i n  1000 f t ,  2 -5  ÇL.11 6-10 O ^  4 -8  4 -5  2 -3  8 5 -7
a l t . .  N o rth , i n  1000 f t .  0 -  3 -5  -  0 ^  0 0 -2  0 -2  -  4 -5
^ i c o r m i c  b ra n c h e s  on b o le  -  -  -  e  -  -  -  -  -
crown ap ex  A( n a r ro w ) , B, C b a c  -  -  -  a  -  -
sh ad e  t o l e r a n t ,  i n t o l e r a n t  t t i  -  -  -  t  -  -
r o o t s  sh a llo w , d e ^  s s d  -  -  — s  -  -
NW, NE, J a p a n , Mexico NW NW NW NW J  NE NE M NW
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T heodore W. W eaver I I I  M. A. A ugust 19&5 Botany
V a r ia t io n  i n  th e  S p ruce  Complex o f  th e  N o rth e rn  Rocky M ountains:
P ic e a  g la u c a . P ic e a  p u n g en s . and P ic e a  e n g e lm a n n ii.  (100 p a g e s)
D i r e c to r :  J* R« Habeck
The o b je c t  o f  "ttiis s tu d y  was to  d e s c r ib e  th e  p a t t e r n  o f  v a r i a t i o n  
i n  th e  s p ru c e  com plex o f  th e  N o rth e rn  Rocky M oun ta ins .
One h und red  tw e n ty - f iv e  P ic e a  p o p u la t io n s  w ere  sam pled i n  t h a t  a re a  
ro u g h ly  d e f in e d  by a  t r a p e z o id  w ith  c o rn e r s  a t  S a u l t  S a in t  M a rie , 
O n ta r io ;  The P a s , M anitoba; K am loops, B r i t i s h  C olum bia; and S a l id a ,  
C o lo rad o .
The sam ples w ere s tu d ie d  to  f in d  a  s e r i e s  o f  c h a r a c te r s  u n d e r  
c lo s e  g e n e t ic  c o n t r o l .  The s tu d y  i s  b a sed  l a r g e l y  on f i v e  o f  th e s e :  
cone  l e n g th ,  b r a c t  l e n g th ,  cone s c a le  l e n g th ,  cone s c a le  w id th , and  
th e  d i s t a n c e  betw een th e  t i p  o f  th e  cone s c a l e  and  th e  o u te r  t i p  o f  
th e  se e d  w ing im p r in t .  S u p p lem en tary  d a ta  was f u rn is h e d  by t h r e e  
more m orpho log ic  c h a r a c te r s  (p u b esce n ce  o f  th e  tw ig ,  s te r ig m a ta  s p re a d , 
and sh ap e  o f  Ü ie cone s c a l e  t i p )  and  an  a n a ly s i s  o f  th e  te rp e n e  c o n te n t  
o f  th e  b a lsam s found  i n  b a rk  b l i s t e r s .
A c h a r t  o f  th e  v a r i a t i o n  i n  th e  com plex was draw n by u s in g  th e  
o r d in a t io n  te c h n iq u e s  o f  Bray and C u r t i s :  s i m i l a r  p o p u la t io n s  w ere
p la c e d  n e a r  each  o th e r  and  d i s s i m i l a r  p o p u la t io n s  w ere  p la c e d  a t  
g r e a t e r  d i s t a n c e s  c o rre sp o n d ii%  to  t ^ e i r  d i s s i m i l a r i t y .  The o r d in a t io n  
shows th e  k in d s  o f  s p ru c e  p r e v io u s ly  re c o g n iz e d  a s  P ic e a  g la u c a . P ic e a  
p u n g en s . and  P ic e a  e n g e lm a n n ii.  A s e r i e s  o f  in te r m e d ia te s  e x i s t  
betw een  P ic e a  e n g e lm a n n ii and  th e  o th e r  tw o. W ith in  P ic e a  en g e lm an n ii 
i t s e l f  d e f i n i t e  s t r u c t u r e  e x i s t s .  A lo w lan d  ty p e  c o rre sp o n d in g  to  
P ic e a  Colum biana i s  found  i n  g l a c i a t e d  a r e a s .  The u p la n d  EngeLmann 
sp ru c e  seem s to  change c l i n a l l y  from  a  s o u th e rn  q u a l i t y  to  a  n o r th e rn  
q u a l i t y .  The c o r r e l a t i o n  o f  t h i s  taxonom ic  s t r u c t u r e  w ith  th e  
e co lo g y  and  h i s t o r y  o f  th e  g roup  i s  d is c u s s e d .
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